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1. SCOPE 

j 

The purpose of t h i s  General Design Plan f o r  the Apollo 
Applications Program (MI?) i p  t o  ident i fy  those design tasks 
that a re  necessary t o  implement t h e  t o t a l  program. 
intent  of t h i s  volume t o  cover those design tasks which are: 

It is  t h e  

a. 
of the e n t i r e  program. 

GeneraUy common t o  each of the individual f l i g h t s  

b. 
a t t r i bu tab le  t o  any individual f l i g h t  or  mission. 

Required i n  support of the  basic program, but not 

C. Special '  design tasks tha t  a r e  ant ic ipated to be 
required to '  solve individual f l i g h t s  of the  unassigned 
nissions; these problems and t h e i r  re la ted tasks  w i l l  
require consideration p r io r  t o  the period for deta i led  
planning on those f l i gh t s .  

Design tasks  ident i f ied  herein a r e  ident i f ied  i r respect ive of 
t he  contractor or  NASA agency responeible f o r  t h e i r  sa t i s fac t ion .  
The scope of t h i s  plan does not, include the  ident i f ica t ion  of t h e  
contractor or  agency repponsible; that responsibi l i ty  determination 
and assignment is l e f t  t o  NASA authori ty  as a log ica l  follow-on 
product enabled by the plan. Those tasks that shall be assumed 
by Martin Marietta a re  included herein and a re  a l s o  iden t i f i ed  
separately and spec i f ica l ly  as Payload Integration Contractor 
tasks i n  PL-2055, Design and Development Plan, of the Phase D 
proposal documentation. 

T h i s  volume w i l l  be supplemented with individual f l i g h t  
addenda covering spec i f ic  f l i g h t s  as the  requirement f o r  de ta i led  
planning develops. 
addenda are a l s o  being submitted f o r  Fl ights  AAP 1, 2, 3 ,  and 4 
of the Combined Cluster Configuration Mission. 

A t  the time of t h i s  submittal, four  f l i g h t  

This General Design Plan a l s o  establ ishes  a general design 
c r i t e r i a  f o r  each AAP f l i g h t  t o  be used as a guide f o r  hardware 
se lec t ion  and planning by a l l  engineering agencies associated with 
AAP payload integrat ion aurin@; the  program def in i t ion  phase. 

MARllU M4Rlmv7A 00RPORATlON 
D E N V E R  D I V I S I O N  
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2. PROGRAM DEFJXITION 

This General Design Plan is  based upon WFC Guidelines 
f o r  Payi<xtd Integration Phase D Proposal, Revision A, dated 
March 7, 1967, and upon docurnentation of Martin Marietta 
n & s e  c i-ea-dts. 

2.1 AAP Engineering Documentation Relationships - Figure 
2.1 presents a documentation t r e e  depicting the  in te r re la t ion-  
ships of Martin Marietta Corporation documentation t o  NASA 
documentation. 
def in i t ion  expansion relationships . 
present docurrentati on authority relationships.  

The diagram portrays source data and data 
It does not necessarily 

2.2 Applicable Documentation - The following documentation 
was prepared by Martin Marietta during Phase C and is Rpplica'blc 
t o  this General Design Plan as indicated.  

Document 
Number Document T i t  l e  Relat ionshlp 

ED-2002-59 Mission Feas ib i l i ty  Analysis, Defines Mission 
Rev 1 AAP Unassigned Missions, Ekperiment L i s t  

dated 7 April 1967 and Carrier Comple- 
ment with major in- 
compatibil i t ies,  
problems ident i f ied.  

ED-2001 

Fs2c0000 
Rev 1 
w/scm 1 

PL-2055 

(part of 
PL-2055 ) 

General Design Refe race  Defines Mission 
Mission Document, dated Profi le ,  Mission 
27 March 1967 Objectives, Schedule 

General Specification f o r  
Performance and Design Re- 
quirements for Saturn Apollo l i n e  for Phase C 
Applic 3tions Combined Mission a c t i v i t i e s .  
dated 30 December 2966 

Defines AAP 1/2/3/4 
Configuration Base- 

Design and Developnent Plan 
f o r  AAJ? Papload Integration 

Defines Payload 
Int  egrat i on Con- 
t r a c t o r  Design and 
Development Tasks 
and Techniques . 

Design and Development Plan, 
Addendum for  AAP 2 Tasks, e t c ,  

Defines Aclp 2 PIC 

MART8W MAA8-A OORPORAr8ON 
D E N V E R  D I V I S I O N  4 
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Document 
Niuiib e r Docimknt T i t l e  

(part of D e s i a  and Development Plrm, Det'ines A@ IC 
PL-2055) Addendum f o r  AAP It PIC Tasks, etc.  

2.3 Design Plan Addenda - The fo1lowl.w rzddcnda t o  t h i s  
General Design Plan have been prepared t o  define the reair i red 
design tasks f o r  the  i n i t i a l  f i  c lus t e r  mission. 
documentation w i l l  be prepared by Marti i i  Ma;l.iet,ta foi- the re- 
:mining AAP mCssioiis For which KSFC has integrat ion r c s p m s i b i l i  ty. 

Sirn i iw 

Document 
Number Document T i t  l e  

PL,-2002-1 Flight AAP 2 Addeiida t o  Design Plan, 
Combined Mission 

PL-2002 -2 

PL-2002-3 

Flight AAP 1 Addenda t o  Design Plan, 
Combined Mission 

Flight Ap9 3 Addenda t o  Design Plan, 
Combined Mission 

PL-2002 -4 Flight AAP 4 Addenda t o  Design Plan, 
Combined Mission 

3. DESIGN TASKS 

The approach selected t o  define the  AAP mission i 8  por- 
trayed i n  figure 3.1. 
of analyzing preliminary experiment groupings and of determhing 
f i n a l  f l i g h t  assignments t h a t  w i l l  s a t i s f y  the objectives of the  
program. Figure 3.2 presents a major milestone schedule f o r  
t h e  en t i r e  Apollo Applications Program, 

This diagram depicts t he  major functions 

The mission objectives and preliminary experiment assign- 
ments are received from NASA pr io r  t o  the  start  of any efyort .  
The objectives and assignments a re  then analyzed f o r  rmjor 
program ef fec ts .  
guide l i n e s  f o r  t he  cond'uct of t he  mission analysis. 
of reqiiirements based on the mission constraints  and detai led 
experirrient analysis w i l l  be made . 

Constraints w i l l  be established t o  provide 
A compilation 

Perforwince malysis will be i n i t i a t e d  p a r a l l e l  t o  the  
exptl*irliellt amusis based on the  NASA-defined obJec 1; ives arid 
constraints  . These total-system-analysis r e su l t s  w i l l  be used 

MARTIN MARIICWA OORPORAVf ON 
D E N V E R  D I V I S I O N  
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i n  t he  preliminary select ion of basic ca r r i e r s  and i n  the  i n i t i a l  
grouping of experiments. The mission objectives, defined con- 
s t r a i n t s ,  and spec ia l  experiment requirements s h a l l  be used i n  
conjunction with ear ly  knowledge of selected experiment ca r r i e r s  
i n  the establishment of payload recammendat ions 

A t  t h i s  phase of the  Elnnlysis the baseline of each c a r r i e r  
t o  be used on the  mission w i l l  be defined through w e  of NASA 
documentation. 
i s  required, n baseline configuration w i l l  Le es tablishcd. The 
analysis of mission operations will determine Plighl; p rof i les ,  
necessary mrieuvers and o'iher per t inent  data required t o  estab- 
l i s h  a sequence of operations. 
requirements f o r  each f l i g h t  of the mission w i l l  then be under- 
taken t o  es tab l i sh  subsystem rcquirenients t o  meet the  mission 
obiectives of duration, a t t i t ude ,  a t t i t u d e  control,  and crew 
considerations. 

O r ,  i n  those cases where a new experiment module 

t 

The determination of operational 

The information assembled, a t  t h i s  point i n  t h e  analysis,  
w i l l  be gathered together t o  form a basis f o r  def in i t ion  of 
the  deficiencies i n  each of the subsystem areas. 
both experiment and operational, w i l l  be compared with exis t ing 
c a r r i e r  capabi l i ty  i n  or3er t o  determine areas where addi t ional  
equipment w i l l  be necessary t o  meet t o t a l  m i s s i c n  requirements. 
I te ra t ions  w i l l  be required t o  regroup experiment packages, 
update types of vehicles, and optimize the  analysis  resu l t s .  

The requirements, 

Determination of w h a t  approach should be used i n  the design 
of modifications and new hardware will then be undertaken. A 
l i s t  of availa'tjle components and subsystem modules has been 
developed. This data w i l l  be kept current throu@hout these 
analyses. This information, i n  conjunction with the known sub- 
system mismatches and with the r e su l t s  a% spec ia l  s tudies  needed 
t o  analyze mission/vehicle/subsystem major problem areas, will 
be used i n  the  performance of t rade s tudies  of the a l t e rna te  
solutions and optimization of the modification approach. 

The next s t ep  i n  the  analysis is t o  define a preliminary 
configuration f o r  each of the Fl ight  Vehicles and t o  perform 
preliminary weight and layout analyses. The results w i l l  pro- 
vide a top l e v e l  proof-of-mission f e a s i b i l i t y  or  define areas 
where major problems must immediately be solved. Document ED- 
2002-59 t i t l e d ,  "Mission Feas ib i l i ty  Analysis, AAP Unassigned 
Mission" is the first i t e r a t ion  i n  t h i s  process, This infor- 
nzation w i l l  then be used t o  provide input for  a more detai led 
performance and grouping analysis and i n i t i a t e  an i t e r a t i o n  of 

b 
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the  cycle which w i l l  provl.de a more detailc-td def in i t ion  of' t h e  
miss ion requirements. 

The cycle w i l l  be repeated a sufficient,  number 01' times t o  
provide the inL'orriation necessary t o  describe an imp1 rinentation 
program f o r  the  mission being stlrdied. 
a mission requirclnents docwnent w i l l  be devei opcti w i i i d i  W i l l  

provide a baseline fo r  f u r t h e r  analysis. !Phis document w i l l  b e  
updated as new requirements o r  changes are developed. 

After the first i te ra t ion ,  

Special  sys tem and subsystem analysis w i l l  be perl'ornied 
These s tudies  will support any throughout t he  stu* period. 

rmaj or problem areas which develop and require> inore de ta i led  
analysis.  Studies of t h i s  nature will be used t o  support rnajor 
def'init ion milestones such as: subyst en1 dcfic iency def ln i t ion ,  
mission operational requirements def ini t ion,  nidlificat ion ap- 
proach determination, experiment grouping, e tc  . They w i l l  i n -  
clude the  necessary e f for t  t u  introduce r e l i a b i l i t y ,  cnviron- 
mental, and c r i t i c a l i t y  in to  the select ion process. 

Two canpat ib i l i ty  analysis exercises have been completed 
f o r  AAP 1/2/3/4 c lus t e r  configuration mission. 
report  42-0001, Cluster Configuration Cornpat i b  i l i t y  Analysis, 
resul ted i n  a cogent baseline ident i f ica t ion  f o r  the AAP 1/2/3/4 
mission. The baseline ident i f ica t ion  enabled progress i n t o  s t i l l  
more de f in i t e  phases of mission plannine and requircwcnts de- 
termination. In  addition, i t  i den t i f i ed  other question:; or  in- 
compatibil i t ies t h a t  were subscqiiently rcuolvcci v i a  spttcil'ic 
trade s tudies  and by NASA inanap;eiiieut decislon. 

Martin Marietta 

A second compatibility analysis for  t he  AAF' 1/2/3/4 Cluster 
Mission is  i n  process and will provide the  next l eve l  of ref'ine- 
rnent of the baseline reqiirements rran which accnrate interface 
def in i t ion  'nay be established and negotiated. 

At t he  completion of t h i s  i t e r a t i o n  of t h e  process, a 
requirements docuincnt will be prepared t o  enable d e t a i l  desiGn 
and t o  enable assignment of contractual  responsibi l i ty .  

3.1 General Design Tasks - Systems Oriented - This sect ion 
of the report  l i s t s  those design tasks t h a t  a r e  generally canmon - 

t o  each of the f l i g h t s  of each mission i r respect ive of t h e i r  cate- 
gory, e.g. low ear th  o rb i t ,  lunar landing, e tc .  The tasks de- 
scribed here w i l l  generally be repeated for each f l i g h t ,  taking 
iilaxi!nurn benefit from preceding f l i g h t s  with similar requirements. 
These tasks are fiat oriented t o  the  subsysteni discipl ines .  

WARTIN MAR1117A OORPORArfON 
D E N V E R  D I V I S I O N  a 

f 



PL-2 002 
7 April  1367 
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3.1.1 Experiment Grouping and Analysis - The analysis of 
individual experiments and groups of experiments is  rc-quired 
i n  support of' mission Objectives, These areas of e1'for.t ~ix'e: 

a. Heview and analyze expertlnents, experirnunI; 
groupings and individixal. f l i g h t  proi'll-co provided 
by NASA t o  prepare inission req11irernrmts documents , 

b. 
of the experiments t o  *lie mission. 

Analyze t h e  (:ross f e u  l b i l i t y  and iilat,ch/iiiisrtlatch 

c. 
expcriinents assigned t o  each f l i g h t ,  

Estfiblish experiment p r io r i ty  f o r  the individual 

d. Develop detailed timel.ines of crew tasks f o r  
experiment operati on t o  in tegra te  i n t o  an overal l  
rnission schedule and timeline. 

e Establ.ish support in@ subsystem requiretneii t x  for 
individual experiments and es t,abl i s h  t o t a l  mission 
requirements inchiding liouo ekeepin;: unci operational 
needs, 
monitoring system, and ground ccuiuiund unct conl.roL 
reqii ircmnts for experiment stiyl)ort;. 

These w i l l  include special. nufety and hazard 

l'. 
t o  the  overal l  sc ien t i f ic  objectives 01' the  Apo3lo 
Applications Prograti t o  insure sa t i s fac t ion  ol' these 
objectives. 
with Principal  Investigators nnd sc i cn t i f  i c  caruinrnity 
from the  Payload Integration function. 

Correlate the individual cxperiiiien t ass IglutieiiLs 

This inust be uccoinplished v i a  coordination 

g. An orderly pr3gression of experiments must be 
esta.blished whereby knowledge gained f r a n  the  earl-ier 
missions w i l l  be used t o  provide coiiunon hardware 
developments t o  accomplish and extend AAP objectives 
and t o  obtain maximum experiment resu l t s .  

3.1.2 System Engineering Tasks - This ac t iv i ty  integrates  
space vehicles,  experiments and supporting subsystem i n t o  a 
coordinated space system. 

a. Develo? Design Cr i t e r i a  f o r  l<ach Mission - Basic 
Ground rules  and guidelines ( i n  conjunction with NAA/ 
MSVC) will be established; such as Iriission bnselincs, 
l i s t  of experiments, t es t  and checkout philosophies, 

MART8N MARllTlA OORPORAr8ON 
D E N V E R  D I V I S I O N  
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ava i l ab i l i t y  of present Apollo WE and f a c i l i t i e s ,  
program phase-in constraints,  cn r r i c r  conl'igurationu, 
basic design criteria, e tc .  

b. 
a t  ion 01' a l l  subsystem rcqirirciwn ts  tAwo1~:houh AAP 
project.  Tnis e f f o r t  will i n c l m e  n o r m i  mission 
rznalys i.s, coordinat Lon ol' spec in l  stiidictt; such a:; 
cluster canpati b i l i t y  analysis ,  ruld :in:llyuir ul' s11b- 
system interactions. 

Coordination of' Subsystem Requircments - Coordln- 

c. Perform Tradeofi' Studies on Ml.ssions - 'rrudeoff 
s tudies  w i l l  be perL'onned tllroiighout the del'initi.on 
phase of the  program ai; system level.  Ilku~itplcs of: 
t h i s  type of study is  a tradeol'f or irmJor cxperinient 
group wi+,hin various vehicles of a rniss ion o r  wi1.h 
other iiiissions t o  coqiare peri'o~iilancc~ 01' c03 L::. 

d. Develop Top Requirements Doc~uiient - Individual 
ca r r i e r  and t o t a l  c lus te r  design 1-equireinents w i l l  
be  developed based on mission/vehicle analysis. A 
top perf orrrmnce design requireuients docimient w i l l .  be 
generated listing mission design requirements, 
operational carrier/payload requirements and con- 
s t r a i n t s  f o r  each flight/m-lssion, o rb i t a l  and GSE 
interface requ. rements, and program design standards. 

e. Par t ic ipa te  i n  Periodic Inter-Center Panel 
Meetings and Program Milestone Reviews - Per- 
sonnel w i l l  par t ic ipate  i n  periodic prot:rarn reviews at3 
required by NASA/MSFC t o  coordlnaLe cl'forts. 
will be expended t o  develop the  systcrna enp;inecrln(: 
and intecrat ion task acconplishrrients s o  as bo keep 
NASA personnel inforined oa pro6:ra.m s t a tus  and  Lo 
support NASA during inter-center panel itlee tln[:s. 

Effor t  

f .  Conduct Subsystem Design Requirenients Reviews - 
Reviews w i l l  be conducted on contractor conceptual 
d e s i s s  and the  generated desicn requirements f o r  
experiment support subsystems. A l l  s lbys tems w i l l  
be reviewed, indJvidually and with respect t o  each 
other. Emphasis will be placed on t h e  illan-machine 
interface by havr.ng special  crew s t a t ion  reviews. 

g. 
Test, checkout philosophies End requirements w i l l  be 

Develop AAP l'rogram T e s t  and Checkout Requirements - 

MARrfiff U A R l I l l A  OORPORAtlOff 
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defined f o r  a l l  equipment on a l l  car r ie rs .  Rccom- 
mendat ion f'or tes t ing of' individiml ca r r i c r s ,  c lu s t e r  
conf'igurations, spec ia l  EM1 t e s t ing  a d  del'inl.tioli 
of operational checkout a t  K s C  will. be provided 
upon completion of the  analyses of cu r r i e r  rcquii-e- 
ments . 

i. Prepare Systems Puic t ional .:clieiimLl cs - A:; t,llc 
desicn of each systcin i s  estnl)l i shc~l  o v w u  11. Syi i teiW 
fiuickional scliciilat ics w i l l  be prc:pni.ctl k o  il111s t r n t e  
the opcrati o m 1  churac t cri.:;t ics  ol' tucli c urricr. uysl;crii 
t o  show in te r face  rcquirernents, :mi t,o L'ortri a h s l s  
for coinpatibility analysis.  

j .  
analysis w U 1  be performed t o  integrate  individual 
mission/fl;ghts in to  the  program, based on exgerilnent 
data and experiment assignment t o  t he  preselected 
car r ie rs .  The analysis objective i s  t o  imtch the  
requirements of the experiments t o  t he  capabi l i t i es  
of a selected ca r r i e r  arid i t s  associated vehicle 
booster systcrr. Existing c a r r i e r  ~nodulc l 'casibil i ty 
will be evaluated in  terrns of size ,  wei&t, a i d  voluttie. 
If new carrier systems are required, sribsystciii re- 
quirements w i l l  be re-established. 'Total syst;cn~ re- 
quirements w i l l  then be re-evaluated t o  assure coiri- 
pat i 'u i l i ty  between subsystem and across ca r r i c r s  . 

Conduct Coinpatibility Analysis - A carnpatibility 

k. 
which defines functional requirements f o r  each miuuion 
will be performed. 
the  path fo r  each c a r r i e r  from point of rmniit'ncturc 
through integration with t h e  payload and booster 
vehicle at  KSC.  The analysis w i l l  coneider: Testing 
requirements on functional and non-functional (pro2otype) 
tes t  a r t i c l e s ,  operational checkout requirements, optimum 
location of ca r r i e r  t e s t s  and checkout, and phase-in 
i n t o  the  present Apollo program. Alternates w i l l  be 
car  ? fu l ly  evaluated before recommendati ons a re  made. 

Perform Functional Analysis - A functional analysis 

These dia6;rcuns will show 

' 
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0. Develo? Pacil i t y  Systems Levctl lieqiii 11'- .~:: ts  - 
F a c i l i t i e s  requireinelits w i  11 bc e:enerat tad tc) sLliyot*t 
the AAP program act i v i  tics tliroii~~Jioiit, t h  WI* ious 
manulacturinp;, t e s t  m d  checkout p l i c ~ s c ~ s .  
ment f o r  f a c i l i t i e s  will tie anulyzctt taking iii[,o 

account t e s t  and checkout locat l  on, availabi 1 i t y  ol' 
exis t ing GdE and i'aciliI;ic\s mci Llic type of Lcstinri, 
t o  be perf oruied. 

Tlie reqiij re- 

p. Maintain Liaison and Coordiriation Uetwwn NA;A 
Centers - Liaison w i t h  MSPC I~:n;:iiic?ei-inlr;, NASA Cc-.nt;c:rr;, 
c a r r i e r  contractors and siipport coriLmctors w i  1-1 I J ~  
mmintained; 1) to  coordina tc systeins desitTn, ::ct-icdiilct;, 
progrmn chances , hardware chtm;r,cs and intcgrat  ion 
requirements; 2 )  t o  aclvi.se all. par t ic ipants  or in- 
compatibil i t ies t ha t  a r i s e  ciurinC; the  study pliasc; 
and 3) t o  provide design support t o  c a r r i e r  and 
experiment equipment contract  01s. 

q. Define Configuration Baseline f o r  Each Fl ight  
Carrier - Establish the  present configuration for each 
of the exis t ing designed vehicles and the  ava i l ab i l i t y  
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of dociunentation t o  describe the baseline. 
baseline w i l l  be cs tabl ishrd based on miss ion needs -in 
cases where no baseline ex is t s .  This crm b e  used for 
in i t ia l .  a,nalysis, and by iteruLive processes w i l l  become 
the  rcquirerncnts f o r  design ol' a ncw vehicle. 

Prcl iiriinary 

r. 
providing capabili ty t o  accomplish I'unc Lioiis rcqlrimti 
under contincency plan condit ions. 

Dc  terriiine the hardware requireirtrm.ts associated with 

S. 
t he  vehicle/GSE interface,  the  CSE/fncilities intcr- 
face,  the exper intent/ ins  talla. t ion hardmrc in te r face  , 
a id  thc  in s t a l l a t ion  hardware/carrlcr i i i t c r h c e  iwqiiire- 
niciits I'or a13 cxpm*iinents . 

Prepare and'nlaintain I C D s  f o r  Lhe de l in i t ion  of 

U. Conduct C r i t i c a l  Design Ikviews (CUH) - Spccifications 
and drawings that control. the  Inanuf'acLuring 01' an item 
w i l l  be reviewed jus$ p r i o r  t o  t h e i r  release f o r  pro- 
duction. A l l  interfacing discipl ines  and contractors 
as w e l l  as the  NASA control  agencies w i l l  be  represented 
t o  assure that all design devclopinent def icieiicies have 
been resolved. Development t es t  r e su l t s ,  prototype ' 

units, ana ly t ica l  s tudies ,  detail drawings and speci- 
1: icat ions,  w.11 be reviewed. 

V. Cert i f icat ion of F l igh t  Worthiness (COE'W) - Each 
spacecraft skin11 L e  c e r t i f i e d  as havinb.: been s a t i s f a c t -  
o r b  fabricated and t e s t ed  before be in[: lnte[:mted fnto 
the t o t a l  space vehicle. A l l  cognizant contractors and 
NASA agencies w i l l  be represented. Lhgineering support 
is  required t o  adequately analyze and review a11 anornolies 
of t e s t i n g  and fabricat ion t o  ce r t i fy  the  a r t i c l e ' s  
worthiness. 
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Y. 
t h c  total spacc vehicle design 1s colriputit)Ic w L b h  the 
t o t a l  iiii ss ion ol),jcc t ivcs.  'Phc r e v f e w  w i  1-J bc con- 
d1vAm-I by thc c o p i z a n t  contrnctoru i i i i t L  NA;A w:encJee. 

D e s i L n  Cert i f icat ion Revic3w (1Xlt) - CertLl'y Lhut 

X. Conduct Vlight Readiness lieview (1Wl) - Pr ior  I;o 
f l i c h t  a complete review 0:' a l l  tcu t, Lnl;, Iruiii'icn-r;i.ons, 
conl'icuration, cnviroiunciital ai.d la~uicli cons 1; rainto 
is required. A l l  cognizant contractors and MU 
agencies w i l l  be rcprcsentcd. Sa l i sJ 'ac tv ry  rcsolntion 
of' a l l  miomlies incurred durint: tcs t i r i~: ,  l'ul)ricatLon 
and checkoiit will I )c  c e r t i f i ed .  T,cluiicli cuid rnks ion con- 
s t r a i n t s  w i l l  be revicwati. 

y . Spccifications, desie;n druwinil;o, pl.nnni.nr: docwtenl;:; 
w i l l  l w  prepared and nlaintained Lhrough u11 pkasc~a of' 
the  prograu. Configui*at ion control  of dmwinp r t n d  
specif icat ions w i l l  be implemented per the terms of 
t he  contracts.  

3.1.3 Mission Analysis and Definit ion - AAP missions 
w i l l  be defined by performing preliminary mission operational 
analysis and by accomplishinc the preliminary cnginecrin[< 
aspects of integrat ing t h e  experiments i n t o  the  cxperirncnl 
module. This aimlysis w i l l  be based upon N L A  furnished de- 
scr ipt ions of planned AAP experiments, priimry experiment 
nssigrunciits, space vehicle configurations and timission a s s ip -  
iiients. The iden t i f i ca t  ian of design, pcri'oriituiicc!, t ~ s t ,  and 
expei*imcn t interl'ncc spe 2 i r i ca t i  o m  rcquiwd to :l.ccorap.l i s h  i n l s -  
s ion clcriiiition w i l l  include the fol.lowin~: Lusis;: 

a. Miss i on/~lii:~iC/c.x~eriinent in1-q :mt ion J hnii inE 
ana cwnlysis 0 

b. Integrat ion of inission/f liCht/crcw,'crc~~,ei.itaent 
operations and, preparation of iiitegruted t iiiiclines . 
C. Conbingcnc;/ Planning - Total systems contingency 
plannine; w i l l  be defined and integrated during 
program mission analysis. This analysis w i l l  include 
contingency planning f o r  subsystem failure, experiment 
f a i l u r e ,  s ing le  ca r r i e r  failure, and complete f l i g h t  
failure within each of tk.e missions. Consideration 
w i l l  be given t o  combinirg portions of d i f fe ren t  
missions on a contingency basis. 



d. Ident i fy  peculiar constraints  Llmt the i,x?rl'ormancc 
of scheduled experiirients impose on tAic iiiission plan, 
subsystem operat ion, reentry and ~ C C C M C ~ J  opcrat ions . 
e. Prepare and rrlaintain rnission ciociuneiitatioii for 
AAP cxpcrimen1;s and experiment c a r r i c r s  i n  siil)port 
of inission pl.annlr:(r arid opcraLionu. 

3 . l .h  H ~ u i m  Engineering and Crew Trainiiq: Si~pport  

a. A l l  experinlent o p e r a t i a s  on a l l  cwrittrs w i l l  be 
reviewed t o  insure coiiipatibility with riiission. 
crew tasks m d  procedures w i l l .  be deI'iiicd. 
ment will be reviewed to  asswe tha t  %lie c1'ew can perforiri 
t h e  desired operation and obtain the necessary data. 
Requirements will be estnblished .Cor astronaut hmd 
holds, root r e s t r a in t s ,  and te thers .  

Ilctailcd 
Each experi- 

b. 
l i shed  fo r  thc  exper LnienL c a n  icrs n i~d  eq~criinent 
operations . This shall include dl-l'i xi t i on ol' working 
e n v e l o p  fo r  e i ther  the  s u l  ted or sli i rtslccvect astro- 
iiaut. Astronuut hbiLat Lon pa.rmiieLers display and 
control  panels, mid experiirient operaLioiis, stowai1:c 
and i n s t a l l a t i o n  w i l l  be reviewed l'or itiiss ion conipati- 
b i l i  ty and rccamncndati 011s imdc as t'eqii i 1-ctl. 

Human engineering design c r i t e r i a  will be estab- 

c . Develop mission crew d e t a i l s  for  cxperiinen 5s 
simulation and t ra ining requirements. Del' iiic cxperi- 
ment rcquirernents on crew operatioils. Del'ine siimi- 

l a t i o n  mil traiiiirq p l a n s  rcquircd by c r i t i c a l  
S l igh ts  includine extravchicular LLC t i v LLics . 
crew ssl'eLy rccuireinents and con t r ih i t c  t o  a con- 
tingency inissicn plan f o ~  experiltimi; operat ions. 

K s  (;ab1 i s l i  

d. 
confirm hardware and equipment design, and t o  ver i fy  
the  timelines associated with operational Lasls . 

Develop p l a n  t o  perform siinulation required t o  

3.1.5 R e l i a b i l i t y  and Qual i ty  Ehg ineer inc Plaiminc.; - Plan 
a Rel iab i l i ty  and Qual i ty  Engineering program i n  siipport ot' all 
ground and f l i g h t  hardware by perf ornilinp: the f ollowiiiG tasks  : 

a. Evaluate each piece of equipmiit and deterniinc 
Rel iab i l i ty  Prograni Plan requireinents . 
scope of i t s  provisions and provide the  requirements 
appropriate for tha t  equipment. 

Establish the  
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b. Develop and iinplement a plari l'or control  01' a11 
con1;mctors' reporliiq:, arinlys;is, corrcctloii and ciattl 
I'ecclbaclc of all. l'ai -I.IIL*CS arid ttuL1 .I'II?K: l,i oils wlilch OCCIII' 
t;hi*oi~:liout the I'aln*Lc:Ltion, tcx I, clic.clto~it., :uicl L'Il~$il, 
operation 01' tho cxpertlrient sys LCJIIS. ' r k  l)l-~t.ri c:hull. 
present: a. inetliod Lo l i s t  system l'rtilurea ant i  currcrit 
s t a tus  of corrcctivc actions which ~ l r e  c r i t i c a l  to 
crew safety and mission success. 

C. Develop and implement n plan to p w t i c i p a k  i n  rc- 
l i a b i l i t y  program reviews on a l l  MI-' equLpment. 
Methods s h a l l  be established to s t a n h r d f  ze I 'ai lure 
mode e f f ec t  and c r i t i c a l i t y  analyses (FMICA),  c r i t i c a l  
it ems lists, pref ei*red pa r t  and material. applica ti a s .  
Equipment fa i lures  and problems resu l t ing  from t e s t  
operations shall be assessed fo r  adequacy or corrective 
action and w i l l  be summarized f o r  f l i g h t  roadinccs 
reviews . 
d. Develop and implement a plan t o  combine the 
FMEXAs of a l l  contractors i n t o  a composite system 
analysis f o r  t h e  integrated experiment modules. It 
will include t h e  propagatim of f a i l u r e  inode effects  
across experiment interfaces ,  minimize s ingle  point 
f a i lu re s ,  minimize f a i l u r e  mode effects  on crew 
safety,  and enhance mission success. 

e. A qual-ity control plan w i l l  be dcvcloped arid 
iinplemented t o  s e t  fo r th  a r e l i a b i l i  ty nntl cliial i ty 
assurance proc;raiu. The discipl ines  outlinc?il therein 
w i l l  bc  applicable Lo coribrol iiminxl'actiire, Lest, accepb- 
ancc, inspocLim, eLc. al' a l l  eqitipiiicnt. 

f .  Research will be provided t o  upctatc inspect;ion 
and t e s t ing  techniques . 
needs shall be determined. 

Training and ccrti1'icnt.iou 

3 . 1.6 Tcs 1; Requirements 

a. 
t o  support the qualification, r e l i a b i l i t y  and design 
development programs . 

Develop and implement the t e s t ing  effort; required 

73. Develop and implement the t e s t ing  e f fo r t  required 
t o  support subsystems compatibility and functional 
t e s t s .  

Page 16 

, 
:j 



PL-2 002 

I 0 7 Apr i l  1367 
Page 3.'7 

c. 
t o  support t he  i i i tct l ;r~~ted systcns test, mid checkout. 

Develop anti implement the  tectinl: effort; rcq1iircx.i 

3.2 General DesiC:n Taulw - 3ibsys.l;erns Oriented - This 
sect ion of' the report lists Lhosc dcslgn tasks 1;lia.l; are tI:encrally 

3.2.1 3trucl;ures D.higi1 Tasks 

a. Inboard and/or outboard proCilc layouts w i l l  
be nlade for. flieh1; vehicle payloatis L'or n l l  tiiiosious, 
both i n  t he  boost cunditioiis arid in (;lie in-orbit  con- 
PigurttLion. These conl'ii;m*nLiou layoiits w i l l  be 
iimde bo define the physical intcr l 'wes h d , w t : ~ ' i i  espe v i -  
tnenl;s, su~systcrns, crew trctivl.I;ics, crwric>m, miti 
launch vehicle. 

b. Mass properties data such as wcii':lil,, c~>l i tc r  ol.' 
gravity posit ions,  i n e r t i a l  propcrLi.cn unit p i  iic i p a l  
axis locations w i l l  be ~ m c r a t c c i  I'or tlic MF ttiission 
configuration and i n  support 01' the Iwostcr vc'liiclc 
perforslance analysis,  the niission prof'L1-e a.1illn1.y~ is ,  
on-orbit sequence analysis ,  tlie experiiwnl, t:roiLping 
analysis ,  and the systeiils tradeol'f ana1.ysi:;. U s  h i i :  

the c o n r i ~ w a t i c n  I n y o ~ ~ t s  f o r  dioic~nsionnl c ln t r r ,  
the mass i ne rb ia l  properties ul' the vnrious in-orllit 
vehicle combinations will be derived i n  ortici- Lo 
support guidance miti control s Ludics . s LLTIC tiu*nI. 
dynamic s tudies  and propuls im anti rcactioii coiiti*ol. 
system studies .  

c.  S t ruc tura l  design loads, cnviroruiieiiial mid obher 
stress analysis cr i ter ia  w i l l  be clcvrloped I'm in- 
clusion i n  the  interface and desiim i*c.qiiirc?iiic~nts speci- 
r i c a t  ions. 

d. 
f igurat ions selected during t h e  mission analysis 
process. 

Design layouts will be nlade t o  ver i fy  the  con- 

e. S t ress  analyses necessary t o  assure s t r u c t u r a l  
in tegr i ty  will be conducted on a l l  c a r r i e r  modifi- 
cations and mounting and in s t a l l a t ions  of a l l  experiment 
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r. Structural dynamic analyses wl1.1 tw pci*l'omed t o  
define load, acoustic, shock t ~ [ d  viilrnt; 1 uii r+ph-c= 
menbs, and conditions Yor cxpriincilt cnrric. t-s anti si+ 
sysi;cms. Nccessnry Y tructurn-l respoiisc- ym*miietxcl.s 
and dynmnic niodels w i l l  be estnLilishec1 f o r  Ciiidaicc 
and Fl ight  Control analyses . 
g. 
prepared as a three dimensional systerils i1iteCra.t ion 
design layout t o o l  f o r  new or extensively iiiociiricd 
ca r r i e r s  and cluster  configurations. 

FUU scale  mockups and 1/10 sca le  models w i l l  be 

h. 
c a r r i e r s  will be icknt i f ied  and ciesign c r i t e r i a  w i l l  
be established as required. 

Handling equipment and GSE of a l l  new or  1nodiL':Icd 

i. Materials - Plas t ic  mid cl-as 1;omerIc rriatcrials irius t 
be stiidied t o  deteruiine c f r ec t s  ol' tlic api)l.icablc ririvL ron- 
meiiCs. Characterist ics sirch as dcter iorat ion,  oiit~a.ss hi:, 
corrosion, erosion, flanumbility, coinpatilJLliLy, as wc1.l 
as s t ruc tu ra l  properties with ant1 without thcse en- 
viroiuiients will be tes ted .  
and incorporated i n t o  appropriahe spcci Cicni,i on6 on the 
basis of such tests. 

Design &ita w i l l  bc Ccncrated 

j .  Cr i t e r i a  generated by astronaut l i f e  slipport and 
operational analysis w i l l  be used t o  define mid pro- 
duce hardware modifications. 
f a c i l i t i e s ,  w i l l  be provided. Detail cbawinGs t o  
control  fabrication, t e s t i n g  and i n s t a l l a t  ion w i l l  
be produced. 

Living and laborsttoly 

IC. 
or act ivat ing spacecraft sys tem per t h e  mission 
operations requirements. These in s  triictions will cover 
items such as sealing tank out le t s ,  sett inl:  up experi- 
meiits, purging, depressurization ol' tanks, seal-off 
compartments, install fans, l i gh t s ,  e tc  . 

Prepare de t a i l  inst ruct ions t o  be used i n  passivat inc 

I.. 
as reqaired f c  r crew, mission protection. 

Design inctzoro-id and radiat ion shiclding provisions 
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m. Develop and inairitain a d e t a i l  accoimtiii[: system 
t o  control  and record inass propcrt ics  data Tor. con- 
ception throu@i post f'li[;ht analysis  iicrxlc7. 

3.2.2 Elec t r i ca l  Power and Distribution Design Tnsla 

a. A l l  subsysterw and experirneni; c i cc  i,i%iwd jjvicr 
cud d is t r ibu t ion  requ.i.reirients Cor cach tn i su  ioii w i l l  
be ident i f ied  and docmiented. C a r r i w  an3 cl  lister 
o r b i t a l  parameters associated with mcli mission w i l l  
b e  smnarized. Lmd analyses w i l l  L v  tised .to de- 
termine power profiles froin wliicli siilsystein des i i y i  
w i l l  be estaKLislieil. 

t). 
analysis  wl1.1 bc purrotmd t o  L I W I U ~  all. IiiLssLun 
condilions can bc ittcI; by the s!itls;ystcw se:lcctc.tl. 
Norinn1 and wors t-cmc) annlyses nnd r r l l  ial) L . l  j by aiinlysis 
of each subsystem operat ion wiIL1. be coiidiic I;cci. 
Studies w i l l  be made t o  invest igate  1'ail.urc modes, 
need Tor redundancy, mini.inim.1; ion of comiocI;ioiis, 
methods t o  ease assembly mid checkoul, proc(-?diu'es ,, 
grounding and isoLat ion opt h i z a t  ion, and sLisc!ep L i- 
b i l i t y  t o  e lectraiagnet ic  radiat ion i n  terf'wciice aloni: 
with techniques f o r  suspressioii. I n  tlic cnse of SOLEU* 
array power sources the array outpiit p ro f i l c  will be 
establ ished with respect t o  c lus t e r  iiniieiivc'rs mid 
o rb i t a l  parameters . 

After select ion of the ap~nx~priat,e U Q L L ~ C C  power, 

c. Battery applications w i l l  be eval uatecl. l;o cs l-x~b- 
l i s h  safe t,henrml cnviroimeii ta l  mid o p x m t  ill[>: con- 
d i  tioils. Secondary ba t te ry  usn:xts w i l l  be ~nnly::cd 
with regard t o  chni*g:e ra tes ,  overclmrtw cc)~if;rol ,  deptli 
o r  discharge, and cycle lire. J20nci niid c l m r y  control  
parameters w i l l  be inves Ligated with re:yanl i:o bat t e y y  
md clec t r i c a l  bus performruicc . 
d. Interface control documents, s chemt ic  diagrrurw , 
and load analyses w i l l  be prepared auld inaint,nined to 
show funct ional  operation related t o  each ca r r i e r  
and c lus t e r  configuration. 

e. 
t h e  mission requirements. 

Develop e l e c t r i c a l  i l lumination design t o  meet 
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e. 
sequence and conbroiling itocii11iei1 Imtioii. 

Davelog e l e c t r i c a l  sys tali t c s t  aid clicclio~it; c r l t e r f n ,  

h. Prepare w i r i n g  d i q r a m ,  schaiiutics , 1) l.oc IC diqgw.m 
and logic  dial:ranls required t o  d f c c  I; tlic sizbsys Lcni 
desi,c:n of n power source mid iLs clislxibntion systein. 

3.2.3 Guidance and Control Design Tasks 

a. 
p o i n t i r i  requirements, spacecraft  solar ori  entntion 
requirements, and t o  es tabl ish modes or operation and 
operational requirements f o r  rendezvous, dockiiig a i d  
maneuvers . Detailed timelines for vehicle a t t i t u d e  and 
maneuver requirements w i l l  be prepared. 

Analyses s h a l l  be performed t o  l i s t  a l l  experiment, 

b. For each coill'ioiration, the  capabil.iLics 01' Llie 
cary ic i s  w i l l  1)e evnl.utec1 against  t lu,  envc.1 opc ol' 
expcrinicnt; and opcrnt ionnl requiretnents . 
C. A control. system stnbi1it;y nnalyuis w i l l  be con- 
ducted foi. those conf icwat ions which differ  sig-iiil'icantly 
f rmi  the  Apollo conlYC3irntl ons . 
d. 
systems w i l l  be specified as required t o  snLisl'y 
experiment, operational, or s t a b i l i t y  requircweiits . 

Modifications t o  exis t ing guidance mil control  

e. The necessary guidance and control  constants 
and f l i g h t  program parmeters  w i l l  be dctciriiined L'or 
each f l i gh t .  

P. A budget of a t t i t ude  control  propel.lants will. be 
generated for each vehicle. I t  w i l l  be  based on the 
a t t i t i tde  timelines and w i l l  ident i fy  add-on rcquire- 
ments . 
g-. 
w i l l .  be Generated. 

Systenls functional schematics nnd block dingrmils 
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3.2.4 

h. 
dist inb.nce torques on vehicle nttitiicles a i d  rcsr~l Line 
RCS propellant rcquireriiciiLs . 

Compute t h e  effects  of gravity Gradient mid other 

Communications Design Tasks 

a. Conduct analyses t o  detemnlnc L2ic rLdcqiuwy ol' 
antenna coverage on each car r ie r .  
include considerat ion of ca r r i e r  oricnLatiun and 
mission prof i le .  

Tliis s k i ~ d y  w i l l  

b. The inter-crew, inter-vehicle,  and vehicle-to-ground 
communications requirements for each mission w i l l  be 
defined. A dcsig~i :'or each c a r r i e r  wi1.I be prepared 
and nclci-on equipment rcquireincnts w i l l  be idciitificd. 
The niunber and purpose or conmmd 1.iiik.s 1-cquired f o r  
the ca r r i e r s  i n  each &lP rnission w i l l  1)e tleL'iiittii. 

C.  A Mission hppor t  Plan foJ. each Lype 0.1' mission 
will b e  prepwed. This plan w i l l  siuuncwize how the R.P. 
l i n k s  are u t i l i z e d  by the cramt coiiuriunication s p  t a n  
and includes the  u t i l i z a t i o n  01' tlie WXOM f o r  data 
rcI.ay to  control ceiiters . 
d. Electromagnetic compatibi~.ity (mc j coiiI,rol of 
design, t e s t  a d  operations will be established. 
Engineering dr iwings  and t e s t  results w i l l  lie revlewed 
and requirements established f o r  correcbive nction ns 
required. 

f. 
with Data Management, Disylqys and Con-Lrol s , Sys tms 
hbgineering, and Crew Opcrntions t o  assurc cl 'f icient 
interface design and compatibility foi* each ~iiission. 

~ o ~ t m m i c a t i o ~ l s  requirements wi.3 1 be cuorctinateci 

g. Systems functional schematics, wiring diagram, 
interface drawings, and block diagram of each type 
of c a r r i e r  systtim w i l l  be generated and maintained. 

h. 
on the  spacecraft comraunicatians subsystems . Develup planning for execution of integrat ion t e s t s  

AIARRN MARIS-A OORPORANOU 
D E N V E R  D I V I S I O N  ~~ 



i. 
subsystcms f o r  .the l'ollowing pnrainctc.rs : 

Prepare an operation prof i le  for the cornmicatlono 

P r i m  Power 
Transmitter Status 
Command Link Status 
Antcxum System :;tatus 

1. Prepare a requirements list t o  def'iuc s~wci i ' i c  C P ~ W  
tasks needed Lo operate the coilumuiic:itioiis snlwyu tc\~ns 
during the  mission. Coordinatc this task with cn'w 
operations and displays and coiitrols g~oups  . 
m. 
data for use i n  mockups and prototypes. 3i~gport; the 
development sl test program . 

Prepare physical and e l e c t r i c a l  layout Cimwiii~y mid 

3.2.5 Data Management Design Tasks 

a. A data management system capable of acquii'iiic the 
data required from the  mission md tlic add-on cc1iiip:iient 
to supplement exis t ing carrier systeiiis w i  '11 be ident i -  
fied. Total mission datn reqiiireincnts w i l l  Lw estctb- 
l ished,  consolidating experiment dntn i-cqtil rcineiits w i  L l i  
ZiousckceyiiiC; and operational needs . ; ;lxw i d  :::~l'et,y :md. 
llaznrd inoiiitoring systcrns f o r  c>xpc?riiiiciil,u wi. I I be 
ident i f ied.  The r~quircnients l'or d c s i ~ i i l n ~ ~ ;  :uid LrtsLitI 1 - 
ing a lmzard detcc;ion system shall- be opecll'icd. 

b. Analyses and tradeoff studies w i l l  be pcrC'orrned to 
optimize systems design. 

C. 
w i l l  be conducted for experiment data transmission after 
f i n a l  experiment requirements have been defined. 

Studies on optimum use of the  unif ied S-band system 

d. Data management and command requirements of all 
experiments and support systems must be compiled. 

MARTIN MARlE-A OORPORArION 
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Measurement requirements must be defined i n  terms ol' 
measurement soiirce, sampline r a t e  or fi*cquoncy rc- 
sponse, r e a l  time and stornee i*cquiremcnts, :mcI i n i s -  
s ion phases during which dclta is  required. The number 
of commands required by experiments, support sys turns, 
and the data management system must be delcrrnined and 
documented. Iiequirements will be maj ntrtincd iil agree- 
ment w i t h  current sourcc docurients, a.nd w L l l  t ~ c t  coordin- 
a ted  w i t h  datn mannppiuxt systcni caprit) i l i t lcs.  

e. AA€ missions that involve ~niil-Liple car r ivrs  dockinc 
together, operatin[; independently arid c oiidiic 1; i l l& 

rev is i ta t ions  t o  an orbi t ing s tal;ion w i l l  be malyzed 
f o r  ,an opt imum expcr imen t data mnapxiciit sys t ciii. 
A system w i t h  a cent ra l  llandlinc: point capnble 01' be in^^: 
"plugged into" by other vehicles 
f o r  f e a s i b i l i t y  . Such systems mist brill[; cspcriinent 
data i n t o  the multiplexing, recording nnd transmitt inc 
equipment through simple interfaces  froin each Carrie\: 
t o  reduce redundant equipment that i s  provider? for ezch 
vehicle. Centralized and standardized contr3ls ror thta 
handling w i l l  be evaluated f o r  reduction of EMC prob- 
lems resul t ing from multiple IUi' l inks ,  

will be mmlyzed 

f .  Characterist ics of a l l  time s i cna l  generators cur- 
rent ly  included in  t h e  baseline confiCurations of' rriissi on 
ca r r i e r s  will be investigated. The detycc of correlat ion 
between the various t iine siLnals will 1)e cl.cte.t*ii~incd. 
Any incoinipatibilities with h t n  reqiLireinenLs s1ml.l be 
ident i f ied,  and techniques I'or resolution w i l l  be de- 
t ermined. 

g. 
cording f a c i l i t y  t o  serve the needs 01' all docked 
ca r r i e r s  w i l l  be examined. Consideration shall Llc 
given t o  r e l i a b i l i t y  aspects,  power consiuiptiai, ,utd 
interface coniplexity . 

The f e a s i b i l i t y  ol' providing n single  voice re- 

3.2.6 Displays and Controls Design Tasks 

a. 
system w i l l  be defined t o  support experiment operations 
and s ta tus .  

A standardized and integrated display and control 

b. 
i dent il' ied  . Equipment modifications a i d  add-ons will be 
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C. 
or each type of car r ie r  system w i l l  be ~:encr.*nted. 

Systems functional schenlat t c ~  a i d  block dlagraJns 

b. 
pul-sion systems thcrrrml analyses. 

Conduct misision operational a i a lys i s  and ire- 

c . 
and provide list of add-ons. 
pulsion interfaces.  De-f ine  rcqnirciiicnts I'or propi ls im 
system modifications and/oi* new systcms . 

Ident i fy  and resolve propi.tlsion systeiri inisimtches 
IrieiitiPy aiv new p ~ o -  

d. Conduct propulsion systems rc:liabi?dty ann lys i s  . 
C .  Conduct th@rmul control sys Leitls ?el Labil.iLy m i a l y s i s  . 
f . 
hardware spccirications.  

Prepare and rrlaintain new nilti iiiuiti I'ied c q i i i p i i i ~ ~ i i  t 

g. Prepare propulsioii system ilevclopiiient Les t; mid 
checkout requircments fo r  new or modil'icd sys L a w .  

h. Evaluate t h e  exhaust gas iiiipint.,ciiieirt aiid/or 
deposition conditions t h a t  w i l l  cxisl; as a resiilt or 
f i r i n g  Lhe various propulsion s y s t e m  t h a t  arc t o  bc 
rired during d o c k h i :  and sta1)il ization ol' the  cluster .  
Exhaust gas effects  on such things as s o l a r  cells, 
thermal control  c o a t i n p  and nearby structiu-e should 
be cons idered. 

i. Perfom thermal analyses on propellant or [:as 
tanks and l i n e s  $or lone duration missions. 

j .  Conduct long duration storage annlysis f o r  the 
t e f l o n  bladders used i n  t h e  CM, 34 mid IM IiCSs. 

IC. 
t o  opti~iiize sys term dcsi&l;n. Special  coiisiclcration 
will b c  given bo; thc  effects of theriilal unci slosh 

Analyses and tradeoff stddies w i l l  bz perforiiied 
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cycling on propellant bladders, p ro~ ic l . l~n t  decomposition 
over extended periods of storagc, mid pyopellanb dil'fusion 
and possible mixint: i n  preosuriznt; ion systcrrc;. 

1. 
vatin{: propulsion sys tcirls t h b  d1.1 no longer be iiseci. 

Prepare de t a i l  insl;ructions J'or sni'inl: or  denct l -  

in. Systems .C~mct;ioim.l scheirntios mid 1 ) l O C l i  diae:rarnu 
w i l l  bc  prepared. 

3.2.13 Life  Support Sysbertu (US) Design Tasks  

a. 
equipment . 
experiments, US/cnrriers md IXS/GX. 

Establ ish subsystem desic;n and iden t i  ['y ndd-on 
Define interface requircrncmts i'or IS:;/ 

c . 
Consider two-gas supply problems, CC)2 tuid contmiLimnt 
buildup humidity coiitrol. lcalcagc, a i d  astroiituit; 
denitrogeimtion p r i o r  to EVA pez.forirLzlice. 

Analyze and define :tbmospliere cuii-t;rol rcquire.ments . 

d. D e s i g n  aid develop water rilEuzageiiient system. 
Analyze and ccmpare water storage vwsus water reclanlation. 
Review water management for life support, t l ierml.  conbrol, 
an& c l e c t r i c n l  power areas t o  insure RdeqLinte onbonrd 
water supply and to avoid overlapping uses 01' wattel* 
sources . 
e. Define food and f'eedinG requiremcrits . 
f . Define waste nma@men-l; sys k i n  reqiiirctneiil;~. 

g. Perform crew comfort analysis. 

h. Define n o m 1  and eiriergency U S  opemt;.Lq: procedures. 

i. Develop requirements f o r  experiment l i f e  support 
systems. 

j .  Perform ana.lysis of ISS i n  support of mission 
experiinent contingency planning. 
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k. Perform resupply analysis for Iil 'e support; systems 
r e l a t ing  to  a l l  mission operul;ions Ly clc~f'iiiiiu,: rcsirpply 
comiodities and qmi i t i t i cs  and transl 'er tccllriiques . 
1. 
czrrier cmt.ractors and support contractors t o  coordinate 
system design and integrat ion procedures. 

Provide l i a i son  with MSFC experinleiit developers, 

m. Define development., qmlif.ica.l;ion and ncccptaice 
tes t  and checkout requireiiients fo r  expel-inien1; support 
subsystem (US). 

n. Generate systems functionnl schemt ics  mid block 
diagrams for each c a r r i e r  nffccted mid for or1)ital  
c lus t e r  configurations . 

3.2.3 Thermal Control S y s t e m  (TCS) Desicn T a s k  

a. Conduct experiment thermal. unalysis t o  debermine 
heat diss ipat ion rates, operating and s borq;e ternpera- 
turc requirements, temperature control  design and 
operational constraints.  

b. Analyze experiments for t h e m 1  integrat ion i n t o  
ca r r i e r s  and t o  evaluate overal l  thermal iiesi.Cn of 
experiments and packaging influences. 

C. Analyze Ekperiments t o  Carrier thermal inberface 
requirements t o  define functional and physical in te r -  
faces; t o  evaluate experiment inountiiig reqniremnts;  
t o  derine a l l  experiment support lnrdwnre fo r  Lhenrial 
influences on ca r r i e r  TCS such as heat d i s s iy t t i on  
rates f r a n  e l ec t r i c  solenoids, inc:I;ers, ga;:cs rnoLors, 
G&N, etC. 

d. Conduct carrier therm1 analyses t,o cicl'inc housc- 
keeping loads (electronics,  e l m  tr ical ,  pimps, c tc  . ) ; 
t o  define metabolic requircmciits f o r  loads; to  analyze 
ex ter ior  heat gain or i n t e r i o r  heat loss from cctrrler. 

e ,  Analyze carrier t o  c a r r i e r  interfaces  t o  determine 
thermal influence; t o  study inaterials t o  be used be- 
tween interfaces;  t o  determine e f fec ts  of separatiiig 
physical and functional interfaces  on thermal control  
system . 
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f . Analyze TCS Olxrational Cons kra ints on Tntcgrateil 
System to  describe p h p  ical. or I'imc t ionnl. intcrfcxwnxi  
and t o  analyzc erfcc ts 01' elec Lr Lcnl inkerl'crcncc, radio 
or 1iaviC;:nt;ion o r  giiichncc 1ntcrl'crcric:c. 

G. Ccc&~ct. Cnrrier/Expet*iment M1sinaI;ch S t u d y  to; 
analyze experiment heat loads and (iissipai,ion ra~z-s, 
analyze ca r r i e r  heat loads and TC:i capu ld l i  ty,  
perforni mismatch analysis md inakc rccornrnaidat Lon:;, 
and to  define ca r r i c r  modulc add-on r~qiiip~nc~nt; . 
h. Write TCS design c r i t e r i a  t o  1) clucunent TC:; 
requirements iiicludiiy; NASA i1ipu-L (aid Lhc ypmnd and 
airborne parariiebers consi dered niicl 2) prcscnt; ecricral 
requirements and sys  tais functioiiul schelna1,ics and block 
diagrams for each c a r r i e r  ma orbital. cl i i s t c r  coiil'ig'un- 
tioiis. 

i Prepare and m i n t a i n  scheniatics , desipn drawinp 
and flow diagrams an a l l  new or inodiI.'ied thtxitnl 
control  system equipinent . 
j .  Prepare and maintain in s  tyuct;ion ituciunen ts t o  define 
specil'ic crew t a s k s  needed to  opttratc Lhe tliei7nal con- 
t r o l  system durini: the mission aiicl t o  cw:tiv:itc. or passi-  
vate  the theimal control  sys tcin. 

1. Pcrl'orin thcnna.l a i~~lyscs  Lo c1cLetwLuc s;oIar cu.ruy 
opcrat ine; teiiipcratures and IIE thocis ol' conbrol. ns 
c lus t e r  orientation and orbi t n l  pnraneters vn..-y. 

m. Determine requirements f o r  ordxaiice devices and 
protect ive measures associated with orcimnce. 

n. Establish c r i t e r i a  f o r  experiment orckiaice i t e m  

0. 

and iiecessary cmpliance with safety requirements. 
Review experiment packages for orchance devices 

MARTIN MARIEWA 00RPORATlON 
- 

I 



PL-2002 
7 Apri l  lc)rj7 

3.2.10 WE and Faci l ibies  Design Tasks 

a* Analyses w i l l  be pcrf'orrried t,o e s b u b l i s l i  C&E 
requirements i n  support of' tlie AAP mission Iw.rdmre 
L'low. 
and n ew recpiraneiits w i l l  lie idciitil'icd. 

Differences between exis  Ling Apollo (quipinen t 

1). GSR dcsiLm c r i t e r i a  w i l l  bc csI-,abl.islid .L'or: 

1) Mechanical Systcins 

2)  Electric/Electronic Sys tent 

3) S t ruc tura l  Modifications 

4) Handling, transportation unci stowcqe of 
equipment, car r ie rs ,  e tc .  

5 )  Propellant, conlniodity, cryogenic f l u i d  
s ervic ing equipment 

6) Environmental control  equipment 

C. Define WE required at each ilitcgration t , e s t  
locution t o  satisfy scrvicihc,  checkout mid iiiniiitcnance 
requirements based upon experiuiciit ideiit il'icat, ion, 
experiment support subsysteins , and cxperititen 1; Inochtl e 
checkout and irlaintcnancc. 

d. Determine requirements f o r  e lec  Lric power and 
power dis t r ibut ion t o  s a t i s f y  WE, c a r r i e r  and 
experirient power consumption during {:round tests and 
operation. 

e. Review c m u n i c a t i o n  and data management in te r -  
faces with GSE t o  insure adequate checkout capabi l i t i es .  
A continual e f fo r t  w i l l  be maintained t o  upgrade t h e  
GSE t o  improve costs  and schedules, t o  incorporate 
technological changes, and t o  measure or  check out 
new parameters. These modifications will come about 
as : 

1) The experiments 

2)  The analysis of 
iiitroduce o r  de le te  
or servicing. 

become b e t t e r  defined. 

early mission r e su l t s  will 
parameters requiring checkout 
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3 )  Anmolies occim which nilis t; be rcsolveti. 

f. Determine the ainount of' avai lable  space on the 
MSS, t he  umbilical towers, mnbilicnl booms, a id  IGS 
p l a t f o r m  for routing of new service l i nes  and f o r  
the  locat ion of mobile experiinenL/carrit?r cqiiipmen-l; . 
The space ava i lab i l i ty  and loading c:~pal)il. i t;y of 
boous and platforms w i l l  be invcst;ig:itecl t o  dcJXne the  
modif ica Lions required 

g. Fac i l i t y  rcqirircmcnts will cs I;ablisliccl t o  slipport 
t h e  Nu' missions al; Ic;C, MS1W [tiid nriy otf l i~~i* 1.i.st or  
checkout area as rcquired. 

h. -CriLcria for ncw or iriod iL'i.i.tl ~ h c  i1.tLit~: will bt: 
est:l.l)l isheci 011 a. Pacil.iLies Plun. 

3.3 Mission Peculiar Tasks - Mnrt in  Maricttn CorporaLioii 
Report Fa-2002-5 9, Miss ion Peas i b i l i t y  Analyu is, AAP Unass i yncd 
Missions, evaluates each of t he  groups ol' f l i g h t s  i n  AAI? for 
which M W C  has integration responsibi l i ty .  This evaluation is 
made t o  determine basic f eas ib i l i t y  of the niission and experi- 
ment grouping planned by NASA. 
po ten t i a l  incompatibil i t ies were ident i f ied.  This section de- 
f ines  some of those problems and iden t i f i e s  t he  special  design 
tasks t h a t  are required t o  reach a resolution t o  permit the  
subsequent evolution of subsystem design i n  a tirnely Inanner. 
Certain of these problems exist  on several  niissions. They are 
discussed here only on i n i t i a l  occurrence. 

During the  coL1mc of t h i s  analysis  

3.3.1 Low Earth O r b i t  Mission Problem and Design Tasks - 
Mission M P  5;6/'7/3 consists of reuse of the  S-IVB workshop 
mil  AI^ I:roiii t-~ie previous mission AAP 1/2/3/!t plus a set of 



s t e l l a r  astrophysics t.xper,.nents , and a set  ol' atmospheric 
physics experiments. 
essent ia l ly  searches of %lie c e l e s t i a l  sphere I'or radiat ion of 
various wavelengths of which data w i l l  tha i  1 ) ~  1u;etl. t,o pitipoink 
inore in-depth o1)servations or i n t e re s t ine  imint,s I'or 1 nt.er rnis- 
sions usirig in s t rmen t s  with hiL,lier resol.ut ton. Tlio n t~ ios -  
p k r i c  physics experiments rcpresent an eval uat, Lon 01 i h c  n c t i v v  
and passive sensors t o  be used i n  s tuaying utiriosphcrl c L;timI;ure. 
These experiments a re  cnpable d' 111~1nmietl. opcrnt ion, but I;lic 
purpose of operation or these experirmits on tliis rtii:;y.ion l i es  
i n  developing operational sys tem f o r  subscqucnt m i ~ s i o n  use i n  
northern and southern la t i tudes  using polar orbits t o  sicrvey and 1~iCUt3urC 
atmospheric properties which determine weather pat terns  on the  
earth.  A s  i n  a l l  the rnissioris, study of inan and his  abilities 
i n  lorig terrn space "soak" continues. 
experi!wnts need fu r the r  work as do contamination s tudies  on the  
AT?! and possibly the s t e l l a r  astrophysics and at?ilosplieric physics 
expa-iinents. ATM alignment, the ro l e  of the astronaut i n  ATM 
operation, and thermal dis tor t ions as t h e  ATM c:ocs behind the  
earth and back out remain as major chnllenges t o  ear ly  ATM 
operati  on. 

The  s t eunr lphys ics  cxpcrimeiits are 

Crew motion et'l'ects on pointed 

J' 

On Fl ights  AAP 9/10/1L/l2/13/13A, an U - I V B  i s  ngaln 
converted t o  o rb i t a l  workshop and a new ATM put i n t o  service.  
Based on the r e su l t s  of e a r l i e r  missions, the S-Ivn conversion 
should provide decisive data on tlie conversion and I i a b i t d i l i t y  
of t he  S-IVB LH2 tank. 
ac t iv i ty  and hence provides excellent r e l a t i v e  data 01'1 so la r  
ac t iv i ty .  Contamination and pointing problem w i l l  have been 
thoroughly evaluated from tlie previous rnissioiis and Lhe expcri- 
mental data  w i l l  be of high quali ty.  A remote ear th  sensors 
experilrielit group, Applications 13, w i l l  also b e  Tlown. These 
experiments sense the  ear th 's  surface over a spec t r a l  rcange 
inclizding thc? v i s ib l e ,  I R ,  and W. This Group oT experiments 
will look ma;tly a t  A f r i c a  and South America arid parts of 
Southeast Asia and Australia. This w i l l  be prinmrily a ca l i -  
brat ion and sensor development t e s t  of such a system for Juture 
long term operational (unmanned) f l i g h t s  i n  which tlie na tura l  
resources of t h e  ear th  are  surveyed and cataloged f o r  act ion 
by agencies in te res ted  in  food, fores t ry ,  geological, hydraulic, 
oceanographic, and mineral resource management. U l t i i n a t e  use 
as an operational system will involve a l l  l a t i t udes ,  not just 
those below 29'. 
mirch as i n  previous inissions, with t h e  addition of some biological  
esperinients . 

ATM-B comes a t  a tinie oJ' docrensiiiG so la r  

Bianedical and technological objectives re-main 
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3.3.1.1 Fxperiment Grolipinl: Incornpat ibi1it l .es - NASA 
guidelines have prcseiiLcii expcrimn t ppn,tp.tnlSL; f.'or ind i v.l(hral 

Exp. No.  T i t l e  
I 

Several i'li{;hts prcsentA,y show ncgnbivc lucylwcl l w t y ~ , i  ns. 
Since paylond weight almyu Lends to  incrcnsc LLU Iwl. t;w d(aJ'ini- 
t i o n  of systeai hardware i s  curnpleted, t h i o  i t c m  1 A C C ) ~  i c l c ~ r e t l  (1 

major propam problem. Several appronclics LZI'C avnilc? L11e to 
resolve t h i s  condition. Although the inost ouvions is Lo decrease 
the experiment assignments, other avenues appear open .to exsut~na- 
t ion .  The reduction i n  the  mount of expen&I)les rcquired 011 the 
long-duration missions would r e su l t  i n  s ign i f i can t  weight savings, 
The prime candidates f o r  investigation are the atrrosphere snpplies 
and associated tankage, and the makeup water f o r  the environwntal  
control  and l i f e  support systems . Support equipment r?,yir..c:!ients 
f o r  experiments perhaps could be reduced extciisivcb- w i  L l i c v i i t  coin- 
promise t o  experiment perfontlance or  redords. 

The amount of' atmosphere resupplies which can be storcd 
cryogenically appears t o  be l imited by s ta tc-of  -art; devclopncnt 
i n  the s izes  of tanlcs under coiisidcraLion. Cryo(.;cnic stora[::c 
duration is also limited. A s  n r e su l t ,  rnosI; ol' I;he reuiipylics 
mist be s tored as cas i n  the heavier [;ascoils o t o r a ~ y ?  ta111w (i'or 
a given mount 01' gas, cryogenic tank weights arc about one-qimrtc.r 
those of gaseous tanks).  A rcduction i n  carrier lealm(:e w l l l .  
also d i rec t ly  reduce the heavy gas storage tank wciyj i t .  O n  
longer f l i g h t s ,  water recovery systems w i l l  be used, m d  fue l  
c e l l  water w i l l  not be available. Makeup water supplies a re  
required t o  compensate f o r  recovery system inef f ic ienc ies  and 
miscellaneous overboard losses. Preliminary water balance 
analysis indicates  a s igni f ica tn t  loss through the  molecular 
sieve system. U s e  of a more complex molecular sieve system t o  
pern i t  water recovery instead of overboard loss  could e f f ec t  a 



s igni f icant  overa l l  s a v i q .  There re some expendal)l-cs, such 
as food and metabolic oxygen, t h a b  cannot be  s i m i f i c a n t l y  re- 
duced. Data gathering, recorders, and operatirir: cqriiptnent f o r  
experiments nust be evaluated t o  (Icteririine LI' sharing 01' equip- 
ment or  by a betber groupine o r  relabed cxpcririients c a i l d  rcclucc 
the EEGILQL or expcrirnent siipport equipmcn t rcqiri red. 

The  preceding npproachcs arc generalized us rlcs ~ ~ J J I  Luslc~ 
raquircd t o  solvc weight prolllcnu; as Inrllcatcci . 

a. Evaluate a l t e rna te  ca r r i e r s  cajnld c 01' bein(: 
introduced t o  the lnission t lmt  woiiLd enabl c' the tiiission 
t o  be performed within weight 1itiilb:itions . 
b 
optimized weitzh t s olutions .: Analyze experiment support s i rbys t  ail add-ons f o r  

c . Evaluate t h e  f e a s i l d l i t y  of' rcdiicetl iiiissi on 
duration i n  order Lo cons.l;min coiislumblc wt.it:hl. t;o 
be cornpatiblc with avai lable  pnyl.oad cnpaL~i1.i by. 

d. Evaluate a l te rna te  inissioii p ro f i l  c's cnpable 01' 

sa t i s fy ing  experiment group rcquirwciiL-s, e .;I, lower 
mission a l t i t udes ,  elimination of' ctocIci11g; ixuicyi\rers 
t o  conserve HCS propellant weight, redis tri t>:it,inC: 
individual f l igh t  spacecral't cquipmcwt t o  c)l;licr 1aLuiclies 
having posi t ive payload tmrcins, c tc .  

e. Regroup experiments t o  otlicr inks ions  Hint, havc 
the required payload margin. 

3.3.1.2 Solar  Array Analysis - Future rnjssions will mke 
considerable use of large solar arrays. Past cxperieiice on sclar 
arrays has not included arrays of the s izes  rcqulrett L'or these 
missions; there  arc mily dcsitm tasks attcndaiit Lo I.1icI.r ii1;Lliza- 
t ion.  Consideration must be made f o r  tl iu LatLeries on c t i s ch r ty  
depth, cycle l i f e ,  charge r a t e s ,  thermal cilvironriienl,, ebc. Con- 
s idera t ion  must be made f o r  Llie solar array on t 1 i r ~ n m . l  ciivirai- 
ment, pointing requirements, contarnination, radiat ion degrabt ion ,  
etc. Results from e a r l i e r  missions and t e s t i n g  progrmix n i i l s t  be 
analyzed and modifications mde, as required, t o  gain the  re- 
quired balance of design. 2onsideration :nust be given t o  s i z i n g  
arrays t o  adequate charge r a t e  for t h e  ba t t e r i e s  and adequate 
protection against  bs t te iy  overcharging m u s t  be h c h d e d  i n  the  
design. Andys is  will be recpired on tile so l a r  arm)- s p t e K  50  
;?etei*:.:.il:? shadmi::g ef fec ts  of the  c h s t e r  - 2 z i q L e  t~ %e p r t i c i f i a r  
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mission,since the  power output of the so la r  array car1 be sic- 
iiif icant ly  reduced by shadows. 
array shadowing on the  thermal control oJ' the orbiki.ii[? space- 
c r a f t  m u s t  be evaluated. 

Similarly,  the  cfffec-l; of solar 

3.3.1.3 CS?I/.!AM Foyer Interface Wlieii Two CSMs a r e  Docked - 
Fl ights  1 / 2 / 3 f i  have o n b  one CSM doclred t o  tlic clnsstcr n t  aiiy 
given period d time . 1?liglits 5/6/'~/:3 mic1 sullscqiwiit L'U$;lits 
have two CSM docked with the c lus t e r  l'or ccr ta in  i,inic ))ci*iocls 
of the mission. Additional arialysis w i l l  I)c n q i i r c d  Lo d ~ -  
termine the e f fec t  of L1ii.s requirement on the Multiple I k x k i n L :  
Adapter and other ca r r i e r s  ol' PliGht MI' 2. 
interface c0~~I-d b e  required 011 PliLcht AM' 2 0 1 '  this c1ii::te~ 
configuration tlmt would not 1)e used during f l i g h t s  I / z /~ /J I  
but would be required diirinc: fli&l;s 5/6/'7/:;. 

Ai1 additioiial 

3.3.1.h Connection of CSM/AM Power Interl'ucc - Tlw con- 
nection of power from t he  AM t o  t h e  CSM 1x1s mncrally lieen 
considered through the CSM ground umbilical wlicn t h e " C S M  is  
docked w i t h  the  c lus te r .  

Studies should be made of: 

I'r.l#c? 33 

How t h i s  connection w i l l  be made by EVA. 

How the  cables mating with -the CSM umbilical w i l l  be 
s tored u n t i l  hooked up. 

How the  cabling w i l l  be supported af'ter hooli-Up. 

How t h i s  interface connection can be quickly dlsconriected 
i n  an emergency s i tu ta t ion .  

Hookup of the  power interl'accs between d i f fe ren t  ca r r i e r s  a t  di1'- 
Pereiit times have problems unique t o  Lhe ind iv idml  irlisuioris and 
all should be analyzed. 

3.3.1.5 Battery Life - The longerst hown avai lable  wct 
stand time f o r  si lver-zinc ba t t e r i e s  i s  30 dws. The l i f e  of' 
t he  ba t t e r i e s  is marginal f o r  a 90-day mission if  contingencies 
a r i s e  or if the  90-day mission is not a Lower boundry. 

Studies are necessary t o  determine the  ac tua l  requirements. 
Testing programs a r e  required t o  determine lower boundary "wet 
stand time" with -;he required r e l i a b i l i t y  and confidence margins . 
Modification and development may be required t o  s a t i s f y  the  
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requirements. Des-dn goals shou a be estal)l.ir;hcd t o  increase thc 
useful  l i r e  of si lver-zinc ba t te r ies  t o  a l i f e  or 'I20 clays t o  
allow f o r  launch tiirie, cxbendcd hold periods diuiiii: lu~ulcl i  and 
other contingencies. 

3.3.1.6 Battery Tcniperatnre hvironnent; - Batteries 
operated i n  a low-temperature cnviromnent wi1i.i iuvt: CL h s s  zf 
output, and those operated i n  8 high-ternperatwe ciivironmen t w i l l  
de te r iora te  ab a r a s t e r  rntc. These tcniperatlircs rmls I; be clear ly  
defined. 

Analysis m u s t  be made to  cotnipme thc  nquii'cd ttmpei.ature 
environment of the  batteries used i n  tlicse iiilssims to tllc ex- 
pected ternperahire environment i n  which the bnt tc r ies  w i l l  
operate. If the  expected environment ten1geratiu.e ranL:e i s  
greater  than the  required r a n p  of the ba t t e r i e s ,  enviroruneiital 
control  must be provided i n  the  a rea  of the ba t t e r i e s  to insure 
proper operation. 

3.3.1.7 Storage and Reactivation Requireinents - Certain 
spacecraft  subsystems w i l l  require a useful  l i f  c of several  years 
on long duration missions tha t  are reactivated a f t e r  ~1 pcriod of 
dormancy. 

Design development t e s t s  will be recyiircd on t hc  enr l ic r  
missions t o  improve r e l i a b i l i t y  and mainLainability 01' thesc 
operating subsystem . Feedback data front thc  e a r l i e r  iiiiss ions 
w i l l  be analyzed t o  detemnine the ciiviroiwieiit u ~ i d  rc?qi~ii-cineii t,s 
govcrniny, t he  design. The e f f ec t s  of long torin esposiirc? t o  
space env-ironments inust bc dctermtned suoli %lmt rc!nctivnl;ioii 
can be accomplished with mininnun ef for t .  
that provide fo r  simplicity of operation mid imiiitcnaiicc ~d 
fo r  r e l i a b i l i t y  under these conditions. 

Desigii must hc. itlade 

3.3.1.8 Definit ion of Requirements f o r  LCSM Missions - 
Missions involling the use of the  9O-day LCSM n i u s t  f ind  nlteimtxte 
means for  sa t i s fy ing  cer ta in  functional requireinelits previously 
s a t i s f i e d  by CSM systems. This is necessary because the  LCSM 
systems a r e  essent ia l ly  deactivated t o  preserve t h e i r  l i f e  
capabi l i ty  f o r  the deorbit functions. 

Design tasks a re  necessary t o  determine more precisely the  
extent of quiescence of the LCSM. Similarly, provisions must be 
designed in to  the remainder of the  orbi t ing configuration t o  
i ' i l l  the void l e f t  by deactivating LCSM systems. 
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3.3.1.3 Lire  Limitations on Propellant Storage Bladders - 
On the tef loi i  bladders used i n  storae:e talks for CM, SM, IM reaction 
control  systems, material sens i t i v i ty  t o  yropcllants , tt;nipcratures 
and radiat ion w i l l  cause degradation of Lhe tcl'lon bl-adder. The 
helium w i l l  permeate i n t o  the propellants during extended periods 
of expssure, The l i m i l ;  of duration has not been es1;ablished be- 
yonu 14  days. Evaluation of a l t e rna te  blaclder material, thick- 
nesses, processes, s'ealing techniques will be 1'cq tiired. OLlicr 
research s tudies  and development tcstiw w t - l l  1w rcqiiircd t o  
improve ex is t ing  designs and/or t o  iIiipleiticiit IICW design COII- 

ceyts . 
3.3.1.1-0 Engine IIeater liequiiements - Ttxtsthg engine 

heaters do not prevent propellunt l'recze-up when slmciint: d' the 
engine occurs f o r  periods of three t o  r o w  hours and l o n ~ e r .  
Design tasks shall eva lmte  a l t e rna te  mans f o r  pmvttnL;intl; 
propellant. freeze-up and fo r  react ivat ion sys tem exposed t o  
freeze-up conditions . Passive means shall a l so  be considered 
t o  c.lleviate these conditions. 

3.3.1.11 SPS-Propellant Pressurization System - F'or engine 
shut-down periods i n  excess of 2 1  days it is possible for f u e l  
and/or oxidizer t o  migrate through the heliwii check valve assembly 
and ign i t e  i n  the  helium portion of the  propellant fuel system 
or  ign i t e  when propellant f l o w  commences. 

Hardware designs must be modified t o  insure actequate pro- 
t ec t ion  from t h i s  possibi l i ty .  
impulse capabi l i ty  must be provided t o  prccludc so le  dependence 
upon t h e  SPS f o r  t h i s  function. 

Additionally, bnckup reentry 

Another problem area o r  potent ia l  problem area,  deals with 
the poss ib i l i t y  of propellant leakage from thc SI'S. Mission 
success m d  crew safety a re  dependent upon BPS r c s t a r t  capabi l i ty  
i f  redundant reentry impulse provisions are no0 available.  
Accordingly, sane means of leak detection and propellant quantity 
gaging i n  the SFS tankage is required. Such a system must be 
capable of gaging propellant quant i t ies  i n  the  absence of gravity.  

3.3.1.12 Standardized Propulsion Configuration f o r  - CSM 
and LCSM - An area of concern f o r  several  f l i g h t s  is  a nsed for 
addi t ional  SM-RCS propellant over CSM and LCSM capabili ty.  
Proposed solut ion t o  t h i s  problem is  expected to result i n  a 
s e r i e s  of optimwn modifications as a function of increased capa- 
b i l i t y  desired. However, since it would be undesirable t o  
modif'y each vehicle on an  individual basis, one or  possibly two 
iriodifications would be selected f o r  use. 
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3.3.1.13 Experiment Dntn €Iandling - The weli:hts and volimea 
of re turn  data f o r  all Lhe experlnicnts on each mission rriilsl; te 
determiiied i n  d e t a i l ,  including cxcx t dirneriuioris . Tliesc: 
packages must Lhen be checlceil with ava.llablc spnccs in  the CM 
t o  ensure conlpatibility. The el'fect of' the stowed t l n h  on mtro-  
naux rnaneuverabi1itj., W. w e i { $ i t  and center  of (,r:wity ailti hence, 
reentry b)c1iavIor, WiL.1 bc carcfully coiisidercd. The vol~unc ol' 
data t o  be returned by Lclcmctry from the c h i s  h i *  cxi)c.riiiic-!its 
should be compared wi';h MSli'l!? capabili ty.  It, ~ruy L i r i i  oiit;, t'or 
example, t lmt  t h  &i,tnoim'i of' hoirsckcepintl; data issuctl fi*c)iii the 
n u m y  experiments of' n conplex missiorl inuy be prohibi t lvely l u g e .  
It may l i m i t  t he  primarj experiment; ilEltn. Orit? solution ~iiay be t o  
use some type ol' on-board data processirq and/or checko~~t; sys tem 
to monitor the  bulk of t;he experimonts, feeding only go/no-t;o 
type of inl'ormation back on the  downlink w h e n  i n  terroga t,ed, 
T k i s  would free the  telemetry system f o r  grimly dnZ;:~. 

Longer duration missions w i l l  gencrute lu.t*ger. ckta qunni;itit.s 
i n  weight and volume. Accordingly, t h e  rcquircmcrit w i l l  ex i s t  
t o  re turn  data i n  excess of the coirunand rtiodule's retiirn capacity 
and/or p r i o r  t o  the conurnlid niodulc sc~iec~i~l.cd rcw-ttxy. 

Design taslcs m u s t  include devclopmenl; or ndnptal;icU? at' & ~ t a  
r e t i r n  casse t tes  or capsules t o  sabisfy Iidssioii rtquireitients . 
Spazecritft stowage provisions, loading provisions, I.aiuich L U I ~  
guidance provisions, camnand provisions f o r  the  &to. mtxrii 
device must be determined and provisions must 1)e d e s i p x i  fo r  
sa t i s fy ing  these requirements. 

3 . 3.1.lb Experiment Point in& Accuracies - The enictli oriented 
series of cxperirrients such as AM-A,  AAP-B reqiiire r e l a t ive ly  
accurate pointing t o  the loca l  v e r t i c a l  or extended periods. 
It may be necessary t o  add a complete l o c a l  v e r t i c a l  control  
system or  t o  use the  ATM-A control  moment gyro (CMG) systeiii. 
U s e  of t he  CMGs will require that they be c a p h l c  01' reactivn- 
t i o n  and that they accept s ignals  from a l o c a l  v e r t i c a l  sensing 
sys tern. 

Several  of the  Electromagnetic Radiation (EMR) experiments 
require accurate pointing t o  stars. 
t i o n  at  very low rates f o r  several  hours at  a time and, a t  other 
t i m e s ,  scanning maneuvers. The exis t ing guidance, control, and 
reaction j e t  systems cannot s a t i s f y  these requireiiienLs, 
,study tasks w i l l  be required t o  explore a l t e rna t ive  solutions 
and sc~l.c~c1; :I solution. 

They a l s o  require s tab i l iza-  
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3.3.1.15 Orbital  Incl inat ion for Earth licsources Fxperiments - 
The meteorological and ear th  resources expcrimenI; [yo~ipLngs (AAP A 
and B) are curreiitly shown on flik$il;s which have i i i c l ~ i ~ ~ u t i o r ~ ~  of 29'. 
From an experiment standpoint, a higher incliiinLion, in  the order 
of 40 t o  50' or more, is  desirable. 
problem ia terns of' t.hc range safe ty  picturc  due to  lund nmss 
overflight required t o  achieve siich inc l ina t  f ons. 
l a d  weight r e s t r i c t ions  may bccoinc pamnoiuit u t  the higher i nc l i -  
nations, par t icu lar ly  on t h e  longer duration flitxhts when extra  
expendables must be carried,  o r  if a dog l eg  boost tmJec to ry  
3-s required t o  solve the  range safety problem. dt i id ies  w i l l  be 
accomplished weighing t h e  various fac tors  involved t o  iteteriiiine 
the  most desirable mission plan f o r  thesc. experiiiient tyoiipings. 

This, however, presents u 

PLu'ther, puy- 

3 . 3.1. lG C r e w  Worlrload - Present analysis indicates that. 
a crew worldoad problem exis ts  on at  least several of the low-earth 
orbi t  missions. Techniques, procedures, and sys tern d.csi;yis must 
be developed t o  insure n m i I n i u n  return Prom each f1ipJit commensurate 
with reasonable crew worldoad capabili ty.  

3.3.1.17 Human Factors - Since a basic objective oi' AIU? is  
t o  determine long-term manned space f l i g h t  capabi l i ty ,  the inte-  
gration of biomedical experiments on each f l i g h t  and Lhe rnairitenancc 
of continiiity of t e s t ing  on succeeding f l i g h t s  is  a problcm. O f  
m j o r  consideration is t$e development or biomedical experimentation 
techniques that are accezta'ole t o  the  crew. An approach t o  the 
work-sleep-relaxation duty cycle and physical environment must 
be developed that will permit future  long-term interplanetary 
t rave l .  

3.3.1.18 C r e w  Safety - Provisions must be developed t o  
ensure t h a t  catastrophic fires w i  t h in  the  o r b i t a l  spacecraft 
wi 11 not occur. F i re  detection and suppresslon techniques 
m u s t  be analyzed t o  deteimine the  most feasible methods, both 
automatic and crew-operated. 

3.3.1.13 Dynamic C b r a c t e r i s t i c s  of Cluster - A s  nn a l t e rna te  
backup mode of operation i n  performing the  ATM experiments, the 
hard and sof t - te thered IM/ATM methods musi; be investigated. 
Complete dynamic response character is t ics  of t he  c lus t e r  configura- 
t i o n  when the  LM/ATM is  tethered t o  the  S-IVB/MDA/AM-CSM vehicles 
must be determined. 
r e su l t s  will be used i n  associated guidance pointing accuracy 
studies.  

Proposed dynamic vibrat ion nodal analysis 

A T A A N W  MARIE-A UORPORA78ON 
D E N V E R  D l V l S l g N  



, 
PL-2002 
7 Apri l  1967 

Page 38 

A l s o ,  the  requirement for  accommodating a r t i f i c i a l  ''&' experi- 
ment M 4 8 4  i n  the  o r b i t a l  workshop during Pl ich ts  6, and 7 w i l l  require 
an extensive s t ruc tu ra l  dynamic analysis of' the  mechanics or spin- 
ning up, i n  orb i t ,  of the  CS4 attached by cables or lmi'd-docked t o  
the S-IVB stage. 
6yxi.1~dc cable charac te r i s t ics  of soft-docked conf'igurntioiis . T h i s  
analysis requires data coordination with t h e  Guidance and Conkol  
analysis a c t i v i t i e s .  

Studies will be cmpleted f o r  dei'inition of 

3.3.2 Synchronous Orbit Mission Problems md Design Tusks - 
The synchronous orb i t  f l i g h t s  represent n start of a apace s t a t ion  
f o r  s t e l l a r  astronoqy. A s  such, the S - m  workshop act ivat ion 
ca r r i e s  a special  significance QS does the evaluation or radiat ion 
biomedical effects  a t  t h i s  a l t i t ude  . The laser corninmications ex- 
pei*iiiieiit, performed wherc contiii1lars l.lnc-ol'-a ICht; con tac t  with the 
Ground s tn t ion  is possible, permits the c v f h t i o n  of u. key canrnuni- 
cations technique fo r  deep space usc ( f o r  example, Marc f l y b y ) ,  
Several p a r t i c l e  physics experiments allow evaluation of thc  flu 
of such pa r t i c l e s  sensibly above the  high in tens i ty  mmtyctosphere 
(high energy heavy pa r t i c l e s  w i l l  not be affected by the ear th 's  
f i e l d  a t  t h i s  a l t i t ude ) .  The maser clock r e l a t i v i t y  experiment 
requires vehicle a l t i t u d e  inforination beyond the present capn- 
b i l i t y  of t h e  S-band system using phase-lock-loop techniques. 
Finally,  we note that the,  lack of atmosphere makes the contcutlination 
problem again important, and carefu l  study w i l l  be necessary for 
the synchronous o rb i t  case. 

3.3.2.1 Space Radiation Ekposure - The trapped electron 
and so la r  proton radiat ion enviroiunen ts on synchronous o rb i t  can 
deleteriously a f f ec t  the astronauts and exycriincnts . A n  iiives ti- 
gation must be inade t o  resolve the uncertninties that ex i s t  
concerning the  radiat ion environment a t  synclwonoirs orbi L; . A t  
t h i s  a l t i t ude ,  the  fr inge of the  Van Allen radiat ion b e l t  i s  
encountered and the  weak geormtyetic r ie l i i  Lhat ex is t s  there  
provides only a srnnll amount or w n e t i c  shielding efl'cck from 
solar flare radiRtion. Additionally, s t a r t i n g  in 196::, b h e  so la r  
f l a r e  a c t i v i t y  w i l l  be a t  the mximum of i ts  11 year cycle. 
To work wi bhin these envircmental  constraints,  the following 
parameters w i l l  be analyzed and traded-off t o  e f fec t  c?. technically 
feas ib le  mission: 

a. 
and experiments. 

Provide radiation protection for the  astronauts 

b. Continue the  research t h a 4  w i l l  b e t t e r  predict  
periods of maximurn solar ac t iv i ty  and permit the  
scheduling of missions a t  the most opportune time. 
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c . Provide propell.mts i'or mi i cuvc r in~~  t o  an alternaLe 
orb i t  t o  ride out thc. solar storm. 

d. The radiaLion dose will be nionikored and when the 
levc-ls rcacli specil ' ied levcls l;hcx miss ion w i l l  be 
ixnriinat ed. 

- 
came of dmmp;u caused by !;lie clcep space rncteowlci caitviromient 
while on synchronous orbiL. Thc spacecraft w i l l .  not linvc Lhe 
bulk of t he  c?arl;h as a shield a t  synchronous nl Litucic.; cuiisc- 
quently, the rate of meteoroid irnpnct on the  spacecrrirt w i l l  
be about d u u b l e  the  rate at l o w  a l t i t ude .  A n a 3 y : ; i ~  to  jwetlict t h e  
degree of protection reqGired will be based 011 previous ,tiission 
resu l t s .  Abnormal activity will r e su l t  i n  termination of the  mis- 
sion. 
t o  meteoroid damage must be analyzed. Siinl1arlyJ additionnl 
meteoroid protection must be designed f o r  the spncecmf't,. 

Means f o r  surviving meteoroid iinpnct and effcctiili: repa i rs  

3.3.2.3 Spacecraft Particulat;e MaLter Cloud - The astro- 
nauts on pas t  f l i g h t s  were consis tent ly  ~ m n b l e  Lo sec stars ot' 
less than f i r s t  magnitude due Lo l i g h t  sca t te r ing  l m i n  Llie sun 
on par t icu la te  matter emanating from tlic spacecraft .in tJie 
forrn of: 

- Spacecraft atmosplere leal= (oxygen, nitrocen, 
water vapor, C O ~ ,  CO) 

- Gaseous or frozen material o r ig imt ing  from iiis- 
posal of waste materials 

- Exhaust products from RCS th rus te rs  

This problem is  accentuated i n  a synchronous o rb i t  f l i g h t  
due t o  the  extended length of time the  spacecraft and experiment 
package w i l l  he i n  sunlight. 

Study will be required t o  se l ec t  t he  types of instruments 
that would be acceptable i n  such an environment. Spacecraft 
constraints  that would increase the  chance of obtaining useable 
and valuable data from a given group of experiments w i l l  be defined. 
These constraints  will include: 

- Type of a t t i t nde  control  method required t o  minimize 
local contamination 
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- L i m i t  leak r a t e  from the  l i f e  cell .  

- Recommend methods or waste disposal  f o r  rrliriirnfzin~ 
l o c a l  contaminat ion 

- Possible elimination of t he  IM water boi le r  

3.3.3 Low Earth Orbit - Mission Module Worl~liop (MMWS), 
Problems and Design Tasks  - The Mission Modnle Workshop appears 
here as the f irst  ground ou t f i t t ed  space l i v ing  mid worlciiig 
quarters and as such is  a prototype low car th  orb i t  space s ta t ion .  
Project  Thermo solves many of the  zero-g f l u i d  ;2roblenls e s sen t i a l  
t o  assembly i n  orb i t  and long term space o p e r a t i a  ol' l i qu id  
management systems. There are serious questions about the e f f ec t s  
of crew motion on these experiments, but we do not f c c l  that these 
will be decisive. They can bc overcome easily by thc time Project 
Thermo goes i n t o  orb i t .  W i t h  a 50° orbi t  inclLna1,ion AAP-A and/or 
M P - B  should be aboard t h i s  l l i g h t  if we are t o  excrcive these 
sensors mid the  subsequent data usage sys tcins against  the United 
S ta tes  and Europe, where we have accurate l c n o w l e ~ e  01' resources 
and weather iiuormation f o r  extensive ground t ru th  lnl'ormmtion. 

3.3.3.1 Basic Design - .Both MSFC and t h i s  conkrizctor have 
already iden t i f i ed  several  concepts f o r  a g r a n d  Odtl 'i  t t c d  worlr- 
shop, but the  proldem s t i l l  ex i s t s  t o  a r r ive  at  a preferred o r  
recoinmiended configuration. Un t i l  t h i s  i s  accomplished, :;ubsystem 
problenls cannot be ident i f ied and evaluated i n  depth. One approach 
involves the  refurbishment of an S-IVB s t ruc ture  i n t o  suitable 
workshop accommodations . 
acceptable, comparative analysis must be performed against  several  
other a l te rna t ives .  

Although t h i s  configuration now appears 

3.3.3.2 Elec t r i ca l  Power Demands - A t rade  study w i l l  be 
performed t o  rorm the  method of' power generation t o  be w e d  on 
long duration, high power usage missions. Development s Latiis of 
radioisotope thcrmoclect r i c  generators and othcr po tcn t in l  
sources will Le investigated. Factors t o  be considiercd i n  se- 
l ec t ion  of a f i n a l  systcrn w i l l  include relinbj.lLty, ava i l ab i l i t y ,  
cost ,  wei:.ht, vehicle r e s t r a in t s  , hrmdliry: procedrues , and l i f e .  
Specific fac tors  that must be considered on the radioisotope powered 
closed Brayton cycle system include as a mniniIiiLun: 

a. c o s t s  

I 

'0. Radiation Protection (Ground Handling and Airborne) 

I 
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c . Thelmnl Control 

Similarly the radioisotopc theritioelcc Ixic ~ : W W Y R ~ , O J *  wi.l.1 be 
compared t o  a so lar  c e l l  systciii study wliicli will, as IL ni1111onl11i, 
cover thc followiiig pnramtcrs: 

n. cos-t 

b. Orientation Prol)l.eins 

d. Space Uti l izat ion and Avai labi l i ty  

e.  Weight vs Perfoimnce Penalby 

Currently the  photovoltaic systems appear t o  be t€ic irx-i,joi- conbendcr 
on the  basis of scheduled ava i l jb i l i t y .  

3.3.3.3 Conditioning and Fxercise - For lent: rliwation oi-bitnl 
s tay t i m e s  crew members will require means t,u IIKE i n l - ~ ~ i n  tlici 1' 
p h p i c a l  I'itness. The centril'1lC;c system was selcct3ed as the 
technique f o r  iinintaining the con& t ior  iiic: mid physicnl. i'itiic.ss 
of the astronauts i n  a zero  GraviLy cnv iroiunen-1.. Sbiidies will 
be made i n  subseqireni; phases t o  incorporalx s tnte-o.l'- t l i ~ > - a r L  
developments f o r  conditioning and exercise. I'nratii1:tcrs l -o 1)t. 
considered arc: 

a. Creation of an a r t i f i c i a l  "g" eiiviroiuicn1; f o r  the 
MMWS by rotat ion of the cmple t e  cl.~istcr. 

b . Gymr.asium-linear accelerators (trampolines) . 
C. Isotonic exercises . 
d. Centrifugation 
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3.3.3.4 Project Thermo - This experiment was assii:ned t o  
this mission ~ L I C  t o  a wcight incoinpat i b i l i t y  w i  I;h i t s  or ig ina l  
vehicle assignnient . The striw:ent 0perat;ionn:L constraints :for 
th i s  cxperiment require that Llie f e a s i b i l i  ty 0%' placing i t  on 
t h i s  mission be ve r i f i ed  at  m early &tc.  

Some of t h e  spec i f ic  areas rccyuiriwl; st,i.idy arc: 

a. How can thf. longi t idinal  mid lateral nccelerntl on 
and a t t i t u d e  control requiremeiits best  be providcdf 
The Project Fhemno acceleration requirctncnts cruiiiot 
be met by the  existing LCSM conf ip rn t ion .  The pro- 
pel lant  storace and ICS capabiliLy will be auiywnted 
by additions t o  the Project Tlierino rack. It  m q j  be 
necessary t o  proviic a very acciirate, low l cvc l  t h rus t  
acceleration system. The systern sha i ld  be desigiied 
t o  be s tzb le  without act ive,  on-off a t t i t u d e  control 
which would disturb the acceleration level.  Crew 
motions may also d i s to r t  the acceleration l eve l  sig- 
nif icant ly .  If t h i s  is  t rue ,  it may be necessary 
t o  conduct the experiment i n  an wmiined vehicle or 
perhaps alter t h i s  severe expeririiont constraint .  

b. 
and placed on Vehicle 2!5P 

Can the  cxperiment be geometrically rcarmnecd 

c . 
nnd s tor ing the  cxpcrinieiit i'liiids on a iinitned. iiliss ion. 

Safety requirements associated with handliry: 

d. C a n  t he  experiiiicnt bc L e s t  perfot*n1L.d on e i the r  u 
imruicii or an iuunamied i ' l icht ,  or 1s sorile corn1)ination 
thereof required? 

e. Can ce r t a in  of the  experiirients be separated from 
the  thermo module t o  gain advantages i n  combination 
with the above study parameters? 

€. The provisioning of power f o r  the experiment i s  
beyond the nominal LCSMs present capabi l i ty  without 
hVA resupply €ram the thermo rack. A rearrangenieiit 
oi' power supplies, commodities, c t c .  is  required to  
esterid the LCSvls 7 - b ~  fl ight CapaLTility t o  13 days. 
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3.3 . 3 . 5 Project  Therrno Propellant Iiequirernents - The LCSM 
froin F l igh t  27 i s  required t o  provide propiilsive forces,  sta- 
b i l i t y  and or ientat ion during Project Theriuo cxpcritncnts . 
requirements consume an estimated k200 pounds 01' propc.l.hnt i n  
addition t o  that required for rendezvous and doc1~i.n~~ iiimeuvers . 

These 

The propellant capabi l i t i es  f o r  the 1CI.f~~lit Y(  IL!Shl cannot 
be increascd t o  meet the Project Therrno iiecli~ircuiciits and I;he IM-l?CS 
system does not 1nve the  cneinc lil'e capabi1.i Ly or  pi.opcr s iz ing 
t o  nieet tlic Project  Tliemo propellant requiraiacnLs 
contractor f o r  tlic Project  Thcrrno experiment is desi[:ning n RCY 
system t o  meet the  requirements f o r  t h i s  f l i g h t .  

Tlic yriitie 

Fuel requirements for  FliGht 3 e x c u d  the  U:SM design 
capabi l i t i es  by approximately 177 powids of propc~llaiil;. Since 
t h i s  i s  within allowable t o l t ~ r L ~ c e  accwmdated i n  es t itnntinC; the  
mission propellant requiremenks , no chan&:.,e i s  rccortuncndcd ELL Lhis 
time. Should Yuture miss ion  estimaLes indicsltc n need to  incrcaso 
the current propellant suppky capabi l i ty ,  :L sys Lcm cliaiic:c\ w o u l d  
be rcqiaii*ccl t o  pixwide t . 1 ~  nccessaiy caimbili  by  

3.3.3.6 Electromagnetic liailiation (WR) Expcritncwt - Incor- 
poration of the EMH experiinenb  roup t o  MI' 25 pr'c1sctlI;s IL basic 
layout problem i n  t h a t  a l l  of the  avail-able volume on Llmt flight 
payload is  u t i l i z e d  for other experiments. The  large vollmie and 
a t t i t u d e  or ien ta t ion  requirements of t he  EMK cxpei*iitients inipoac 
spec ia l  layout problems Desiyp tasks  t o  correct  t h i s  incoinpati- 
b i l i t y  must consider: 

a. Alternate layout of cquipment withiii thc  constraints  
of idcnt i f  ied car r ie rs  

b. Consideration of' altered achpber sectims w i t l i  
increased available volumes 

C. ConsideraLion of conl'ioiration moclil'icnl;I.on of t;hc 
plaimed ca r r i e r s  t o  accorimodatc Lhe 11CblIi cxpcrimnt  
pac lmge 

d. Consideration of reassignment of the  experiment 
group t o  other f l i g h t s  

e. Consideration of external  pod mounts for experiment 
groups or  f o r  expendables 
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3.3.3.7 Optimizatim of Logis t i c  Support Provisions - Optirmirn 
choice oi' on-hard caiunodities inust be arr ived at; I;hroilf<h ccmparative 
analysis ol' resupply vs cxperirnent space reyuimmcizts vs utiliza- 
t i o n  of the workshop over long dura t im.  
t o  determine w h a t  t he  bcst  quantity balance w i l l  be foi. those 
commoditics i n i t i a i i y  taken izto srbit. and s t i l l  leave ndcquate 
space €or experimentation, considerinc resupy1,y iiiterva1.s with n 
space-limited CSM, thnt coifid also be u t i l i z c d  lor addit~ioiinl 
exper iirient ynclcni;cs. 

Studies will be required 

3.3.3.[) Cluster Configuration - 1Zp%ort w i l . 1  L>e cxpc~idcci i n  
optimizing ai MMWL; desii:n. Tlie use or the S I V I 3  st;a::c str*iic:tui-c 
for  a ground out L'itted workshop w i l l  be rc~v81unL;cd i i l  coii , j~u~ctioi~ 
with any m j o r  changes resul t ing from the  sLuci-Les l i s t c d  ubovc. 
A MMWS ccm be dcvelopcd that w i l l  be more sii i tablc t o  tlit? iiiissioii 
obJectives and/or constraints.  

3.3.3.9 Therrnal Control - The def;iC;n or a spcecra i ' t  t h e r m 1  
control  system that can operate contiiiuously for  one yea r  with h i& 
r e l i a b i l i t y  and low maintenance is n challenge. The  design and 
development of t h i s  system w i l l  be a pacing i t e r n  i n  the averall 
mission program. 

3.3.3.10 C r e w  Safety - Analysis of t he  opera t ip ;  mid safe ty  
problems involved with poten t ia l  use of radioisotope e l e c t r i c  
generating systems i n  a zero gravity enviroiuuent i i i u s t  be wde t o  
ident i fy  constraints  and t o  provide protec t ive  iiicasiircs t o  i n s w e  
no harmful exposure t o  t h e  crew. 
with the crew i n  shir ts leeves tmrst be dealt, with i n  a posi t ive 
manner. P i re ,  meteoroid, pois ionous [';as, COIICCII trat i on rmd oLher 
lmzard corrective act ion and mrning problems, ttiiis L; I)c worlwd for 
tlicse missions. 

The probleai of suddcii decortipressioii 

3.3.11 Lunar Gurl'acc Mission Prolder t~ m i d  1)esill;n Tusks - These 
itlissioiis nre specil ' ically Tor ~col .o~l ; ical  cxplorai,ion 01' (;he 1.iinm 
surface. The surface is studicd and the  subsurl'acc is  ~ I W S J C ~  t o  
a depth of 30 I'eei; o r  so and i ts  s t ruc tu ra l ,  chemical and physical 
charac te r i s t ics  a re  well  covered. 
Module, t h e  Lunar Survey System and the  Emplaceit Sc i en t i f i c  Stat ion 
are a l l  involved i n  each of t he  three 14 -by  missions. 
p r inc ipa l  question r e l a t ive  t o  the  accomplishment of t h i s  
s c i e n t i f i c  w o r k  r e l a t e s  t o  the a b i l i t y  of the  astronauts t o  per- 
form the  required w o r k .  
unresolved issues.  Biomedical experiments a r e  included i n  order 
t o  access and resolve these questions. 

The Lunar Sc ien t i f i c  Survey 

The 

How much can they do and at  what pace are 
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Determination of lunar Lsnciing I s i t e s  is EL prime reqiii.si Le 
fo r  mission planning, subsys tein desi(:n, cn r r l c r  rnodiflcn-1; Lori 
requiremen l;s detennina t ion . 

3.3.4.1 Propulsion System - The exposure of the propiilsion 
system t o  the lunar envii=miiieiit r c s u l t s  i l l  po ten t ia l  snl'ety and 
contamination problem. 
systems may be required during Lhe 5-dqj  period pi-ecwdinG the  
manned landing of the M/Twi. 
pose a propellant storage hazard from the unused quant i t ies .  If 
the  propellant supplies a r e  vented or  inadvertantly sp i l led ,  
contamination of t h e  experiments, eqilipnent and sur rouid iw area 
can jeopardize the  mission or the astronauts! safety.  Design 
s tudies  a re  required t o  effect  subsystem capabi l i t i es  t o  meet 
these stringent; requirements. Operational constraints t o  work 
within these hazards w i l l  be determined. 

Deactivation of t he  IM/;;hcltcr propulsion 

The extreme de l tas  i n  t;ciripcra-t;tire 

3.3 -4.2 Cryogenic Storage - The enviroruneiital and operational 
r e s t r a i n t s  on cryogenic usage must be defined at an ear ly  &Le. 
The extreme temperature var ia t ions during the lunar day-night 
cycle impose s t r ingent  r e s t r a in t s  on cryogenic storaGe and fimctional 
equipment se lec t  ion. Investigate poss ib i l i ty  or extending cryocenic 
storage tiinie capabi l i ty  by using more advanced tank insulat ion 
schemzs such as the  cooled shield concept used on the Bio-Satell i te.  
In  t h i s  scheme the boil-off gases near the in t e rna l  tank LeInperature 
a r e  first passed through tubes 5n the i n t e r s t i t i a l  area between 
the  inner and outer wall and obtain Q large decrease i n  wall 
transmitted heat. Ut i l iza t ion  of t h i s  design approach i s  recan- 
m d e d  f o r  the  purpose of being able t o  extend the  present 30-day 
storage l i m i t  of cryogens. 

3.3.4.3 Communications - LSSM t o  she l t e r  comnunicntions and 
navigational problems m u s t  be evaluated and traded off because 
of t he  problem inherent i n  lunar line-of -sight due t o  experimental 
t raverse  distances. This line-of-sight problem can a l s o  adversely 
a f f e c t  astronaut t rave l - tax i  t o  shel ter .  

IM Shel ter  and Taxi command system operation and design mixst 
be evaluated and scoped t o  meet the  needs of thc  presently 
defined operat ions. 

3.3.11 . ) I  IWra Vehicular Activity (ETA) - The accanplislunent 
oi' sciaiLii ' ic worl\ by Llie astroiiaut i n  the  liiriar enviroixnent i s  
!!ow P J ~  iui l i~imn or Llieoretical quantity. Extensive analysis, 
crew tiiainincl;, biomedical research, w i l l  be required. These 
e f f o r t s  w i l l  be closely associated and dependent on data gathered 
from the  previous Apollo missj-ons. EVA support equipment design 
w i l l  be refined based on ea r l i e r  operational experience t o  maximize 
t h e  e f fo r t .  

b 
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n. C x t  aiid avni1~~L)i l i ty  0.1' l'ri~>ls 

d. Developiiient 01' n mission qiml i l'ieil unit  L h k  tticC'1;s 
the res t ra in ts  of weic;ht, cnpncil;y, :iaf'c?I;y, cos[. , 
re l iabi l i ty ,  imiintainabi.l_ity a i d  vo31uite 

All of the  factors  mentioned above will bc coiisidcrcd w i t l i  1-cspect, 
t o  mission objectives and experiment requireiiie~il;~. Trade s tridies , 
technical analyses, prototype tes tilie, q~inlific:itioii Les Liii:.:, 

system and subsys Lcm t e s  I;ing w i l l  b e  r ig id ly  iiti~~3.cweiii;ed tx :Lssiirc 
c ompa1;ibility. 

3.3.5 In  t e rp lme taq -  Pl ight  Mission - Problem miti I)c.si@;li 
Tasks - The intcrplsnctaiy iilissiori i s  plaiui&i to sof t - l  : i n d  

experirnenl; car r ie rs  on Mars t o  observe Md Iiicm?aiL'i? tht. b I w t i m ~  
cnvironrneril;. The mission w i l l  use the Satu1-11 V vcliiclc lniinche~-i 
on an azimiith conip:i.l;ible witli the posil;ioii ol' M:ii*s at. Llic t i i i i r  

of 1.aunch. 

3.3.5.1. S t e r i l i z a t i  111 - A Nntjonal policy on plmictaiy 
guarantine has been estab-:shed t o  preserve Mars I ecology. A n  
unster i l ized probe could deposil; niicrobcs on Mars that might 
multiply and destroy any tuture chalices ol' determining i f  l i f e  
forms origiiiated on the  planet. 
performed that inight i r re t r ievably remove a planet as a base for 
sc i en t i f i c  investigation. To  enforce such a quarantine, r i g id  

It i s  essent ia l  tht no ac t  be 
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controls and spec ia l  decontamination equipment w i l l  be provided. 
Special  groimd support cqiiipmnen t and f a c i l i t  1cs w i l l  be dt?s i fpcd 
t o  effect, t h i s  dccontmlnat loll progrmn. 
w i l l  be dcvelopcci Lo coni;rol t c s  t and chcxkott t; r ~ q i i i . ~ ' c ! r ~ t r r i C ~ i .  

A d d i t l u i i r t l .  i)rocc?dures 

A i i  aspects c;l' the prcqnsrcl  mission, i i ~ c l t i d i i i ~  liitci*mLloii 
of the slmcecra I ' t  with tlie inf;crplaiictnr*,y c~nvirontneiik , shall t)e 
emnincd i n  order to  isolatc: every coiiccivab1.t: s u l i r c ~  ol' p3:wiltt;aiy 
contaminat ion. Each se1)nrate soiwcc w i l l  bc? itivcs.t; l t~;nl,r\t i t o  
determine the dc::rec or contmdnnti on poL;Liil)lc niicl how 1.0 coilt.rol 
the  contmLination to  ncccptc~bl P l i i n l t s  . 

3.3.5.2 Accorrmioclation 01' Spcccral'I; on Launch Vc1i.lcl.e - 
The Voyager lrtimcii vehicle will hr~vc the sane coiiL'i~:iuraL i.on ELS 

those developed f o r  Project Apollo cxcepL that; LL nciw iiosc 
fairinG and shroud i s  required forward of -the ins tmuiicn I;  in i t . 
The strucf;ure required t o  protec t and support tlie two plniietniy 
vehicles, rnountcd i n  tandem, w i l l  be of 1nrp;er di:uncLcr and 
longer. This w i l l  require modification t o  a l l  :mci l lwy gronnd 
equipment located i n  t h i s  area such t lmt the new ;:eoiiiL\Li-y can be 
accommodated. 
requirements will resu l t  i n  Iunctional or  coiruiioility si~pply d i f  - 
ferences also. Analysis and layouts w i l l  be i i l ack  Lo sn t i s fnc tor i ly  
resolve there discrepancies by iriodif i c a t  ion to t l i ~  cs i s t ing  
equipment and s tmicture. 

The planetary vehicle decoiitruiiiiiatioii niici servicii is  
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1. DESIGN CRITERIA 

The l'ollowing c r i t e r i a  are npplicibl  e Lo the. pr*cwmLly 
identii'ieii ,GI' m i a s l m s ,  Plig!it.s 1 t h r o ~ : h  37. T1et;c: crl t e r i n  
a r e  geiicro.1 i n  nature und apply only t o  LL r'cq ti i rcincnl; c k  I'I 11 L I, L on 
phase ac t iv i ty .  

Constraints for a part iculnr  mission wl.11 be 3isI;ed i n  the  
applicable design plan addendun t o  t h i s  docuincn I;. 

1.1 General Cr i t e r i a  - Launch Vehicle, Upacecraf't, Experi- 
ments, Supporting Subsystems, aid In f l igh t  Operntians 

1.1.1 A l l  carrier/subsy::teni modifications shall iise existinG 
f l igh t - ra tcd  and man-rated components and/or nsseuLblies wliei*t.ver 
possible. 
with "Manned Spacecraft Cr i t e r i a  and Stmd.nrds ,It NU-MSC. 

Subsystem add-ons shall 'be selected .in coiil'oi*itnnce 

1.1.2 Basic Apollo rnissioii pcrl'rr~tnncc. ot),jectives s h a l l  not, 
be cortiprortiised for AAP requirements. 

1.1.3 Spacecraft sys tern s h a l l  be c1esiC:ncd ns integral. 
rnodular un i t s  which can bc developed, tesbed, nnd chc~lced out; 
as a uni t .  Spacecraft equipment shall 'be arrruq;cd l ' o ~  cnsy 
access ib i l i t y  such that component rcplaceiiicnt rcqtircs Cllccliotlt 
of only the  effected system. 

1.1.4 In  the  event ol' technical  conl'licts al'l'ecbiiig tlic 
following mission charac te r i s t ics ,  the rclabive prio.t*iLj cs or  
the following parmeters  shall be considered: 

a. Probabili ty of success 

b. Performance of mission objectives 

C. Cost savings 

d. Contributions t o  subsequent missions 

e. Safety 

1.1.5 Experiments and operations shall not deleteriously 
af fec t  the  operation of a basic subsystem i f  a s ingle  rtiode f a i l u r e  
occurs. Interfaces w i l l  be kept t o  a minimum and as simple as 
possible. Display or display c i r cu i t ry  f a i l u r e  shall not cause 
f a i l a r e  t o  the  associated equipment. 

MART8AI M A  R8m-A OORPORA N O N  
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1.1.6 Temperature a i d  hazard monitorin(: syst,tirru3, wl.l;h 
v i sua l  ntd auditory mrning devices, sh.l.1 lw umxl to mrn the 
crcw ol' out-of-to7.crance conditlons and 1mznrd.s . 

1.1.7 SubsysLern connections acroes pressure loclw o r  
hazard ba r r i e r s  s k i l l  not intcrl 'ere with rapid lmtcli opeiiiiq/ 
seal ing or the emergency i so la t ion  of thv i ':rii ltc?ti  arcn .Cr*cxn i ts  
adjacent compartments. 

1.1.8 Multiple gas l i f e  support systeius wl13. be used f o r  
vehicles t h a t  operate with a crew for periods i n  excess 01' 
30 days. 
atmosphere of not l e s s  than 3.5 psi .  
a h  o include provisions l o r  maintaining an hVA-scheduled crewma 

These systems w i l l  prar idc an oxygen partial presslire 
Multiple gas syst.ciiLs w i U .  

on 100 percent aygen  f o r  a TIS 
EVA start time. 

time-period p r io r  t o  the scheduled 

1.1.9 Suff ic ien t  test points shall be provided on c a r r i e r s  
t o  enable fault i so la t ion  t o  t h e  module l e v e l  withait  removing the 
module from t h e  spacecraft .  Suf f ic ien t  test points sllslll be 
provided t o  ve r i@ acceptable system perfommice levels  after 
spacecraft  mating t o  the launch vehicle, without e i the r  remwing 
individual modules or  disconnecting Plight wire bundles or  f l u i d  
l i nes  . 

1.1.10 Penetrations ol' c a r r i e r  pressiirc shells uha1.3. be 
avoided wherever possible. Changes of rriodif 1.caI;ioris slm3 1 not 
be 1lmc1e t o  t he  SLA except fo r  AM usugte. 
t o  basic ca r r i e r s  w i l l  r e ta in  t;hc SIA/GSU scrvicine 1)rovisIons . Modif'icatlons und additions 

1.1.11 licduidant paths f o r  f l u i d  l i nes ,  e l e c t r i c a l  wiring, 
connectors, and explosive t r a ins  s l m l l  be located such t l m t  an 
event which darnages one l ine  i s  not l i ke ly  t o  dmuige the other. 
Similar care  shall be taken i n  the location of redundant components 
when primary f a i l u r e  modes of adjacent equipment could disable  both 
components . 

1.1.12 Subsystems shall be designed such that they can be 
react ivated following a dormant period.' They s h a l l  be designed 
so that cxpeiidables can be resupplied. Add-on subsystems shall 
not degrade the  operation of the  c a r r i e r  o r  the experiments by 
contamination or  t he  introduction of tQermal gradients i n  supporting 
s txvctures . 

1-1-13 ivlP displays and controls shall only be added t o  spare 
juiit\ls w wlicrc  iiun-functional displays and controls cnii be rcniovcd. 
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Comnon display and control equipment; f o r  rtniLtlpJ.t: t?xpc~rl,nicnI-,s 
and support subsystems s l m l l  bc u t i l i z e d  bo coiiscrvc Innt.:l. 
space. 

1.1.111 Subsystem needed to  support exper Lrncnt requirctrncn ts 
shall be provided as a part  G:' t!ic zxj,eri!!!ent car r ie r .  Thesc 
subsystems w i l l  be se l f  sufficient t o  the i m i i n t u t i  extcnI; possible . 
Existing subsystem excess capabili ty w i l l .  be nvti.ll.ablc f w  nsse t o  
f u l f i l l  experiment requirements. Rdditioiial nccds nay bc sntisf i ed  
by modification of e x i s t i w  subsystems . 

A l l  subsystems shall be designed f o r  iniicpcndent cllt.ClioXl: froiii 
that ol' t he  spacecraft . 
between modified and basic sullsystelns shall be nnin.tninc?d. 
piping and wiring rran basiccarr iers  shall. be retained and wed 
where applicable. 

Commonality of compoiieii-l;s/asseni~~lics 
Existing 

1.1.15 The experiments and support subsystems shall be 
mounted such that the  center of gravity or  mass is nol; sh i f ted  
suf f ic ien t ly  t o  cause an in s t ab i l i t y  or  riajor inass uibalnncc. 

1.1.16 A s ingle  poil'it f a i lu re  s h a l l  not conipromis e astronaut 
or checkout crew safety,  !:ause spacecraft subsystems t o  fail,  or 
cause a, premature mission abort .  Spacecraft design t o  m e t  re- 
quirements shall include, but is not l imited to ,  the following 
redundancy types: 

a. Alternate path/logic 

b. Off-line 

C. Ser ies  

d. Pa ra l l e l  

e . Series/paral le l  

f .  Internal ly  inherent 

1.1.17 An EVA may be accomplished from any capable mission 
car r ie r .  For missions with AMs, all experiment EVA shall be 
performed from the  AM. 

1.1.18 Excess data handling capabi l i ty  from exis t ing 
ca r r i e r s  can be u t i l i z e d  t o  accomplish AA€' mission objectives. 

MARTIN MARIUWA OOUPORATION 
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1.1.21 The V€W band (225 t o  260 M H Z )  w i l l .  lw availnl)lc for  
AAP missions. 

1.1.22 TV requirements w i l l  be satisl'icid by thc presenl; 
Apollo operational TV camera.. Fkperiiiients wliicli 1.eqiiii.e bet,ter- 
qual i ty  TV w i l l  provide the  rcqiiired syskin. 

1.1.23 Experiinents w i l l  provide their. own signal  conditioiiin;;. 
Onboard display of selected experiment parameters e s sen t i a l  t o  
83perations or sa fe ty  w i l l  be avnilable t o  tlic nstroiiaiits. 

1.1.26 InI;er1ocks w i l l  bc cinploycd t o  pvcvcnt incorrect 
operation when proper opt-ration is dcpcnden t; 011 a seqiiciicc 01' 
events. 

1.1.27 Power w i l l  be supplied t o  exyerimnls  only at the 
following voltages: 
1-phase and/or 3-phase. No spec ia l  vo1tnt.c cont.rol w i l  I bc 
provided f o r  experiments otlicr them {;hilt noi-tiuilly rcqtii r c x t  t'or 
the  e l e c t r i c a l  system. When considering Lotc1.1 power coiisiuitptions 
a @ dis t r ibu t ion  loss  ractor w i l l  be added. 
subsystcin w i l l  be scll'-coiit,ained it' pmc t;ic:illlc. 
power busscs wi l l  bc scpnml;ed i'roiit I - . k  i1oriiLci.I syncwixl ' t ;  
C'l <.I!tl. icn1 bliss. 

1) 2(3 V1x: noiiiinal and 2)  115 VAC, 'IOJ IIz 

ICacIi carrier power 
ICxperiincnl; 

f MARl IN MARIE-A COCi'PORAlION 
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01' 30 ft3. 
boxes, containers, canis tcrs , rel'riC;'ei*atuix :~iicl sii})port, :; I:rllc Liwcw . 
(Ref. NIlA report  #SID 66-773, Currur~iitd ModliLc I~ct1u~1 l-':i.yl w d  
Capability, 26 May 1966) 

Additionally, 266 yoimds and ?;.2!1 .l't;3 is nv:iilatde for 

1.2 
C he c koii G 

General Cr i t e r i a  - I'ayload InLc(:mt ioii, T(:sLiiq:, urid 

1.2.2 The integrat ion areas will provide c~iviroiitiieiit,al 
and cleanliness control f a c i l i t i e s  i n  accordniicc w i t h  applicable 
c a r r i e r  experiinent and subsystciii ~m,znufnctiirer's specil'icn cioiis . 
The leve ls  of cleanliness and enviromnental c01il.ro1 Lor c;1cIi 
experiment package or sul~sysl;erim-inodificnt ion k i  L wi 1.1 be at; lcast 
t o  the  same l e v e l  req~iircments of the nren 01' Llie cari-icr i n  wl i ic l i  
the packaGc or k i t  is  t o  be assembled. Wlierc triore striii,yeiii; 
requirements cx i s t  , such as f o r  experiincril, rzsseirib-ly , risccl cw 
porbable clean area f a c i l i t i e s  w i l l  bc prov iclcd. 

A l l  c a r r i e r ,  experiment, a id  subsystciti coiiiponi'nts s1i:~I.l 
have 'been subjected t o  predelivcry acceptance (I'M) -tc.sI;s at, 
t he  mnurac turer ' s  location. 

1.2.4 Checkout of experiment-related Tiuictiais s l i n l l  be 
performed independent of the launch veliicle/spacecraft checkout . 

1.2.5 Cer t i f ied  master gages o r  simulators w i l l  be ut i l iLed 
for p r e f i t  checkout ac t iv i ty .  

MARrlN WARIBWA OORPORANON 
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1.2.3 Ordnance c i r cu i t s  will b e  ve r i f i ed  t1ironp;li Llic tisc 
of' i n e r t  devices. 

1.2.10 Quanti ta t ive tes t ing  s h a l l  be iised chri~q clleClia1t 
i n  preference t o  go/no-go testing. 
shall not inval idate  t h e  f l i g h t  e l e c t r i c a l  cablixqy. 
and fault i so l a t ion  shall be nl;mualIy iinplenientcd with poi*table 
tes t  equipment . Pl ight  cable leryStlis and cq~~ipitiei~L layoiits slull 
be duplicated or sirnula ted during acccpLLuicc L L I - I ~  L.liei~~nI. vamwii 
tes t ing .  l?xpcrirnents or support siibsys Lcins slml.1 iioL ivq~ii  L'C 

checkout al'tcr L2 hours befor'c lniuich. 

Checl.rout mid faiil i: isolnkion 
Clieckout 

l.2.11 Integrated c a r r i e r  and expcrLttic'iit clicckor~l; w i l l  IIC 
conducted u t i l i z i n g  on-orbit inissioii scqnciicc. M i  ssioii red-tiiiie 

checlrout can be shortened il' no compromise ol' t c x t  rcai l ts  occurs. 

1.2.12 The completed fl i&L c a r r i e r  wiLh experitncnts w i l l  
not be subjected t o  f l i g h t  o r  qua l i f ica t  ion-lcvcl vihrat:.on 
inputs p r i o r  t o  flight. 

1.2.13 All experiments and support subsys kerns will' be 
subjected t o  electromagnetic interference (EMI) t e s t s  as outlined 
i n  the  PIF t e s t  plan. 
ment spec i f ica t ion  requirements of MIL-E-6051C, MIL-I-~~~ID, 
and MIL-B-508'p. 

This t e s t  plan will be prepared t,o imple- 

1.2.14 Mechanical and e l e c t r i c a l  acceptance tolerances 
w i l l  be established at the component, subsystem, and system 
levels .  This requirement will be met by developing pyramid 

I 
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tolerance requirements, s t a r t i n g  a t  the nios t narrow acccptancc 
l i m i t  f o r  co~nponent t e s t s  and increasing Lo Lhe wldcs I, rtcccpt;uncc 
l i m i t s  for sys tcm-lcvel acccpl;ancc . 
large modules ( LN,AM, MDA, e tc)  w i l l  be perr~~~lLtil  on qLutI i l ' ication 
a r t i c l e s  . 
ac t iv i ty  w i l l  be i i l d i f i c d .  ~ n d  ztilizcd if : '~*RC !- ! cnl-, 

Thcrnnl. va.cliIun I;PS f ; ~ ;  f o r  

Carrier a r t i c l e s  avnilablc frotit pas 1; Apo1.lo pi-qrain 

1.2.15 For newly-developed compoiienLs , ul't'-I.iiii.L 1. t e s t  in[: 
shall be planned ror those components known t o  i i w  a 1iii:li 
proportionate share of t he  sys tcin's nllocntcd wirclinl)i.7 iLy . 
Those cornponents shown to be c r i t i c a l  t o  nstronn1it snl'c t.y md,'or 
mission success i n  the  f a i lu re  mode, e f fcc t  mid c i*i t icnl i t8y ,znaly:;is 
(F'MECA) shall also have ofI?-limit testinll;. 

1.3 General Cr i t e r i a  - GSE and J h c I l i t y  

1.3.1 CSM car r ie rs ,  modil'ied L'or MI" w i l l  coilti.iiiita to hc 
ver i f i ed  by the ACE-S/C. 

LM ca r r i e r s  will be ver i f ied  ai; MSFC by t,Ii~> liCA-JItV\ syt:L.c,ii 
( AAP #1 tIroiig1i #I+ excepted). 

1.3.3 GSE required at the MC indust i5nl  are8 will iinke 
maximn use of data transmission and t ime-sliariiig of cqnipmeiit 
i n  order t o  minimize rnaj or hn*dware reqiiireiiteiits. 

1.3.)~ GSE operation will be ver i f ied  through t e s t  a r t i c l e  
simulators p r io r  t o  ac tua l  marriage. 

1.3.3 The capabi l i ty  t o  i so l a t e  ~tmlAuicLions t.0 tlic vcliicle 
o r  GSE ~1~1.11 bc provided. 

Functions a r fec t ing  crew safety or eqiipnent; i n t e s r i t y  shall 
be ver i f ied  i;h.roul;h the  use of extreincly r e l i ab le  or ~ d i u i c l r n i t  
GSE c i r c u i k y .  
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1.3.7 GSE rcquiremcnts sluzll be met by eiiy,loying e x i ~ t ; i n ~ :  
hardware wherever possible and with minimlun nuli.l’icaticmll:: to 
ex i s t ine  S;aturn/Apollo W E  and rac i l . i t i es  . 

There shall be rnaximuni u t i l i za t ion  01 exis tini: fncI.l.ity 
resources . 
basis with the  basic Apollo progrcun. 

The AAP program w i l l  be coiiductcd en 3 ii~~ii-:;;t,.1.?’el.t.!ic.. 

MART8N MARlRTYA OORPORIINON 
D E N V E R  D I V I S I O N  


